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PREPACK 

During  many  years  of  service  in  the  Royal  Testing  Bureau 
the  authors  have  noticed  again  and  again  how  carelessly  :m<  I 
quite  unscientifically  the  sampling  of  iron  and  steel  for  chemical 
analysis  is  carried  out. 

The  practical  man  usually  assumes  that  the  material  for  anal- 
ysis has  the  same  composition  throughout  its  entire  cross-wet  ion 
and  that  it  is  immaterial,  therefore,  where  and  how  the  samples 
are  taken.  This  assumption  is  often  incorrect. 

The  complaints  made  against  chemists,  in  cases  of  bad  ai 
ment  in  analytical  results,  are  often  unjust  because  the  differ- 
ences in  chemical  composition  due  to  segregation  are  frequently 
much  greater  than  the  possible  errors  in  the  analytical  procedures. 

Fortunately,  however,  with  the  aid  of  metallography  and  the 
macroscopic  study  of  the  structure,  the  chemist  is  now  able  to 
determine  quickly  and  with  certainty  whether  segregation  has 
taken  place. 

The  first  part  of  this  book  shows,  by  means  of  numerous  ex- 
amples taken  from  metallographic  practice,  how  seriously  the 
analytical  results  can  be  influenced  by  incorrect  sampling.  Be- 
fore discussing  them,  a  brief  introduction  to  Metallography  is 
given  with  a  description  of  the  necessary  apparatus,  the  methods 
of  etching,  and  the  characteristic  appearance  of  the  different 
constituents. 

In  the  second  part,  the  methods  of  chemical  analysis  are  given 
in  detail.  In  collecting  these  methods  the  main  object  has  been 
to  include  only  those  methods  which  have  been  found  reliable 
and  have  undergone  the  test  of  a  number  of  years'  use  at  the  Royal 
Testing  Bureau.  They  are  suitable,  therefore,  for  test  and  um- 
pire analyses.  Descriptions  of  the  very  rapid  "  works  methods" 
are  omitted  because  these  processes  aim  to  give  quick  results 
rather  than  values  of  great  accuracy. 
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The  authors  wish  to  express  their  obligations  to  Professor  A. 
Martens,  Director  of  the  Bureau,  and  to  Associate  Director, 
Professor  E.  Heyn,  for  permission  to  use  the  entire  equipment  of 
the  laboratory  in  the  preparation  of  the  book.  The  microphoto- 
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of  over  6000  plates. 

O.  BAUER, 
E.  DEISS. 


TRANSLATORS'  PRKFACE 

The  first  part  of  the  book,  concerning  tin  prnpi-r  sampling  of 
iron  and  steel,  was  written  by  Professor  Baurr  and  has  been  trans- 
lated with  very  few  changes  in  the  text.  The  translators  have 
felt  for  a  long  time  that  too  little  attention  has  been  paid  by 
American  chemists  to  the  effects  of  segregation  and  this  is  one  of 
the  chief  reasons  for  translating  the  book. 

The  second  part  of  the  book  which  includes  tested  methods  for 
the  chemical  analysis  of  iron  and  steel  was  written  by  E.  Deiss. 
This  part  of  the  book  has  been  amplified  by  the  translators  to  a 
considerable  extent.  The  attempt  has  not  been  made,  as  in 
some  other  texts,  to  include  all  the  best-known  methods  but 
rather  to  give  only  those  which  are  reasonably  sure  to  give  ac- 
curate results  in  the  hands  of  even  a  relatively  inexperienced 
chemist.  The  work  done  by  a  number  of  chemists  in  connection 
with  the  establishment  of  Standard  Samples  of  Iron  and  Steel 
by  the  Bureau  of  Standards  at  Washington,  D.  C.,  has  shown 
beyond  any  doubt  that  many  of  the  rapid  methods  give  results 
which  are  nearly,  if  not  quite,  as  good  as  those  obtained  by  much 
more  laborious  procedures.  In  the  busy  analytical  laboratory 
time  is  such  an  important  factor  that  it  must  always  be  taken  into 
consideration.  The  translators,  therefore,  have  included  about 
twenty-five  methods  which  are  not  given  in  the  German  edition. 
These  methods  have,  for  the  most  part,  been  thoroughly  tested 
in  the  laboratories  at  the  Massachusetts  Institute  of  Technology. 

Among  the  methods  added,  is  that  of  Walker  and  Patrick  for 
the  determination  of  combined  oxygen.  This  is  a  method  which 
requires  considerable  skill  to  carry  out  successfully.  It  is  in- 
cluded in  spite  of  this,  because  it  is  probably  the  best  method  that 
has  been  devised  for  determining  all  the  oxygen  that  may  be  pres- 
ent in  a  sample  of  iron  and  steel. 

WILLIAM  T.  HALL, 
ROBERT  S.  WILLIAMS. 
MASSACHUSETTS  INSTITUTE  OP  TECHNOLOGY, 

July.    I'.H.Y 
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CHAPTER  I 

THE  IMPORTANCE  OF  PROPER  SAMPLING  FOR 
CHEMICAL  ANALYSES 

The  sampling  of  large  quantities  of  raw  materials  used  in  the 
iron  and  steel  industry,  e.g.,  car  loads  of  pig  iron,  ship  loads  of 
iron  ores,  of  manganese  ores,  of  coke,  etc.,  has  already  been  dis- 
cussed in  numerous  published  papers1  and  in  technical  treatises.1 
The  importance  of  proper  sampling  for  judging  and  evaluating 
such  materials,  both  from  the  standpoint  of  the  buyer  and  of  the 
seller,  has  been  pointed  out.  In  large  plants,  either  the  chief 
chemist  himself  or  a  properly  trained  assistant  is  personally 
responsible  in  this  matter  and  it  is  quite  right  that  it  should  be 
so.  The  sampling  of  the  raw  materials,  therefore,  will  not  be 
considered  in  this  book. 

The  sampling  of  intermediate  products  (pigs,  ingots,  bars,  etc.) 
and  of  manufactured  articles  (castings,  rolled  iron,  shaped  iron, 
plates,  etc.)  for  the  purpose  of  chemical  analysis  has,  for  the 
most  part,  been  discussed  very  superficially  in  the  literature. 
The  value  of  proper  sampling  in  technical  work  is  not  properly 
recognized  or  appreciated.  Quite  often  in  practice  the  chemist 
in  charge,  who  is  responsible  for  the  accuracy  of  the  results, 
has  nothing  whatever  to  say  about  the  way  in  which  samples 
submitted  to  him  for  analysis  shall  be  taken.  He  can,  indeed, 

>c/.  C.  Bender,  Stahl  u.  Kiscn.  1903,  :«)«.»:  \V.  .!.  Kattle  and  Son,  Eng. 
and  Min.  J.,  80,  824  (1905).  See  also  " Met h.. ,1s  ,,i  Sampling  and  Analysis 
used  by  the  U.  S.  Steel  Cor.,"  Stahl  u.  Kisni.  1910, 

2r/.  The  manuals  for  metallurgical  laboratories  by  Ledebur,  Wedding  and 
others. 
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4  SAMPLING  OF  IRON  AND  STEEL 

assume  the  responsibility  for  correct  chemical  analyses,  but  can- 
not guarantee  that  the  values  given  for  the  different  constituents 
(phosphorus,  sulfur,  carbon,  etc.)  actually  represent  the  average 
composition  of  the  sample,  since  the  composition  of  the  sample 
is  not  necessarily  uniform  throughout  its  entire  cross-section  but  is 
often  quite  the  reverse. 

For  this  reason,  judgment  based  on  the  chemical  analysis 
alone  is  not  always  correct  as  the  analytical  results  are  influenced 
to  a  marked  degree  by  the  methods  of  sampling.  Control 
analyses  made  by  different  chemists  on  borings  from  the  same 
piece,  are  of  value  only  when  the  sample  to  be  analyzed  is  known 
to  !><•  uniform  throughout  its  whole  cross-section.  Much  of 
the  disagreement  among  chemists  as  to  the  methods  to  be  used 
is  probably  due  to  lack  of  uniformity  in  the  samples  analyzed 
and  to  improper  sampling. 

H.  E.  Field1  has  mentioned  the  value  of  chemical  analysis  as  a 
means  of  classifying  pig  iron  and  stated  that  "The  one  great 
argument  against  the  use  of  chemistry  for  the  grading  of  iron 
has  been  that  the  work  of  chemists  varied  so  much  that  it  was 
impossible  to  obtain  anything  like  uniform  results." 

That  the  chemist  is  responsible  for  these  conditions  only 
to  a  very  limited  extent  will  be  shown  in  this  book.  Irregularities 
in  the  chemical  composition  of  the  sample  due  to  local  segrega- 
tion are  often  far  greater  than  the  possible  errors  of  analysis. 
This  is  true  not  only  of  pig  iron  but  also  of  all  other  kinds  of 
iron  and  steel. 

Metallography  is  of  the  utmost  value  to  the  chemist  in  help- 
ing him  to  detect  such  local  differences.  In  many  cases  it  is 
impossible  to  determine  whether  local  differences  in  chemical 
composition  really  exist  in  any  other  way  than  by  metal- 
lographic  study. 

It  is  for  this  reason  not  only  to  the  interest  of  the  employer 
but  also  to  the  chemist's  own  advantage  that  the  following 
cnnditioFis  be  fulfilled: 

1.  The  chief  chemist  should  be  trained  in  metallography. 

2.  A   metallographio  laboratory.   <-vcn   though  a  small  one, 
should  IH»  connected  with  every  steel-works  laboratory. 

1  Iron  Trade  tteview,  I.I,    j.,    i«.KW. 


Tin:  ninth  »i  I'KtWKH  ,s  \  \iH.i.\t; 

3.  In  all  cases  the  taking  of  samples  should   be  directly  in 

charge  of  the  our   iv- p.  >i  i- 1 1  »le  fur  I  lie  -u  I  >^e<  jiiril  t    aliah 

The  ronlrol  «.t  the  sampling  should  rover  not.  only  the  placrs 
at  which  samples  are  to  he  taken  hut.  also  the  way  they  should 
be  taken,  whether  hy  boring,  hy  filing,  or  hy  planing,  and  the 
way  the  Camples  should  he  handled;  failure  at  any  stage  to 
observe  proper  precautions  is  likely  to  have  an  influence  upon 
the  final  results,  as  will  he  shown  in  the  following  chapters. 

Wherever  tnetallographio  laboratories  are  already  established, 
as  in  many  of  the  larger  plants,  it  is  highly  desirable  that  they 
should  be  kept  in  intimate  touch  with  the  chemical  laboratory. 

An  essential  advantage  which  metallographie  study  has 
ordinary  chemical  analysis  is  that  it  shows  the  structure  of  the 
material,  the  distribution  of  foreign  matter  in  it,  he-idi-  frequently 
indicating  the  nature  of  improper  treatment,  in  the  case  of  im- 
perfect material;  while  chemical  analysis  gives  merely  the  per- 
centage composition  of  the  parts  tested.- 

1  An  exception  is,  of  course,  made  with  regard  to  the  taking  of  samples 
during  the  actual  smelting  for  tin-  mntm!  of  the  fun, 

*c/.  E.  Heyn,  Diseased  Conditions  in  Iron  and  Cupper.  '/..  Yer.  dmtsrh. 
Ing.,  1902.  Henry  Fay,  Some  Causes  of  Failure  in  Metals,  IW.  Am. 
Boc.  Test.  Mat,  11,  439  (1911). 


CHAPTER  II 

ARRANGEMENT  OF  A  METALLO GRAPHIC  LABORATORY 

TO  BE  USED  AS  AN  AID  IN  TAKING  SAMPLES 

FOR  ANALYSIS 

The  following  outfit  is  suggested  for  use  in  connection  with  a 
chemical  laboratory.  Its  chief  purpose  is  to  help  the  chemist 
to  get  satisfactory  samples  of  iron  and  steel  for  analysis  and  to 
make  it  possible  for  him  to  recognize  irregularities  in  the  com  po- 
sit ion  of  specimens,  so  far  as  the  present  status  of  the  metal- 
lography of  iron  makes  that  possible  ?nd  in  this  way  to  avoid 
serious  errors  in  sampling.  For  this  reason  only  the  apparatus 
absolutely  necessary  for  the  purpose  will  be  described,  with  the 
most  important  etching  mediums  and  their  uses.  A  brief 
description  of  the  metallographic  characteristics  of  the  common 
constituents  and  some  of  the  impurities  of  iron  and  steel  will  be 
given.1  A  general  knowledge  of  metallography  (e.g.,  familiarity 
with  the.  Iron-Carbon  Equilibrium  Diagram)  is  assumed. 

1.  Hints  on  Taking  Samples. — In  taking  samples  for  metallo- 
graphic study  the  following  fundamental  rule  always  holds: 
Whenever  possible  examine  a  piece  of  the  metal  which  will  show 
either  t ho  entire  cross-section  or  the  longitudinal  section  of  the 
specimen  to  be  examined.  Cutting  a  small  piece  out  of  a  lame 
area  is  worse  than  useless  as  the  purpose  of  the  metallographic 
study  i<  to  determine  whether  the  specimen  to  be  analyzed  is 
homogeneous  throughout. 

The  cutting  out  and  planing  of  the  test  specimen  is  carried  out 
as  a  rule  in  the  machine  shop,  but  it  should  always  be  done  under 

1  J-or  the  out  fit  of  larger  mrtallojjraphir  laboratories  such  as  are  necessary 
for  more  elaborate  investigations,  the  reader  is  ret  erred  to  a  paper  l»y  A. 
Martens  and  K.  llryn.  "l.Vher  die  Mikroplmto^rapliie  in  aufTallendm  Lx-h- 
uinl  ul>er  die  mikrophotograpbJflcheo  Kinrielitunuen  <'cr  Kul  mrrhanisrh. 
tcrlmis(  lien  \  ••r>ii' li>anstalt  in  Cliarlottrnhurjr."  Mit  trilungen  aus  den  I\L'l. 
te.-lmis'-hrn  V.-r-iH-li^in-talteri.  1899,  73.  Also  K.  lleyn  and  O.  Bauer, 
Metallogmphie.  Sammlung  Gfiechon.  F.eip>ie.  I'.HI<>.  Vol.  I. 
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FIG.  1. — Power  saw. 


FlG.   2. — PlatnT. 
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the  direction  of  the  metallographist  in  charge.  For  taking 
samples  with  small  cross-section  it  is  desirable  to  have  in  the 
metallographic  laboratory  a  small  power  saw,  similar  to  that 
shown  in  Fig.  1,  and  a  planer  like  that  shown  in  Fig.  2.  Normal 
rail  sections  can  be  worked  conveniently  on  these  machines. 
The  saw  and  the  planer  are  also  useful  in  getting  samples  for 
chemical  analysis. 

2.  Grinding  and  Polishing. — An  old  turning  lathe,  no  longer 
used  for  other  work,  can  usually  be  found  in  the  work  shop  and 
answers  very  well  for  a  grinding  and  polishing  machine.  Grind- 
ing is  accomplished  by  means  of  wooden  disks,  built  up  from 

several  layers  of  wood  and  covered 
with  emery  paper.  Carpenters' 
glue  can  be  used  for  fastening  the 
paper  to  the  grinding  disks.  The 
disks  are  fastened  to  the  spindle 
of  the  lathe  as  shown  in  Fig.  3.1 
The  diameter  of  the  disk  should  be 
such  that  the  largest  surface  to  be 
examined  can  be  ground  at  one  t  ime 
if  possible.  For  practical  reasons, 
a  diameter  of  more  than  340  to  360 
nun.  (13.4  X  14.2  in.)  is  not  to  be 
recommended  because  a  test  speci- 
men of  much  larger  area  would  be  too  heavy  to  handle  and, 
moreover,  French  emery  paper  is  usually  sold  in  450  by  340 
nun.  >herts.  If  the  polishing  disks  are  much  larger  than  the 
sheets  of  emery  paper,  the  grinding  surface  must  be  co\nvd 
with  several  pieces  pasted  side  by  side  and  it  is  so  difficult  to  make 
the  adjoining  sections  fit  exactly  that  the  resulting  surf, 
raivly  smooth  enough. 

When  the  old  pap« T  i<  used  up  a  new  piece  is  pasted  on  top  of 
it.  This  may  be  repeated  until  the  surface  becomes  uneven, 

1  The   apparatus   for  smoothing   and    polishing  described   here   ha- 
used  for  many  years  in  the  Kgl.  Materialpnifungsamt  at  Gross-Lichterfeldo 
and  \\i\8  devised  l>y  Martens  and  Heyn.      More  recently  disks  of  rust   iron, 
brass,   rtr..    have   I.een    u>ed.       \Yith    metal    di-ks    the   emery    paper    i>    -tuck 
on   with  a  mixture  of  two  parts  of  gelatin  and  one  p  -eh.      After 

usinu  the  paper  can  In-  wa>hrd  ofT  with  hot  water. 


I'M.    :',.      1'olishing  lathe. 
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after  which  i  he  Mirfaee  is  turned  down  mi  the  lathe  and  a  new 
Allied  011  to  the  freshly  expired  surface  of  the  block.1 
emery  paper  is  furnished  in  eight  sizes:  Numbers  3 
(coarsest  I,  2,  1C,  1  M,  1  1',  u.  (M)  ami  IMHI.  IV-iper-  from  numlxTH 
3  to  0  should  IM-  used  dry  hut  when  the  finest  numbers  are  U0ed 
the  grinding  surface  should  he  moistened  with  a  few  drops  of 
machine  oil,  free  from  acid.  American  emery  cloth  may  be 
u^ed  for  the  preliminary  work,  stopping  with  No.  00,  which  is 
eoaraer  than  No.  0  in  the  French  nies,  and  finishing  with  0, 
00  and  000  French  emery  paper. 

In  ordinary  work  it  is  not  necessary  to  use  all  the  grades  of 
paper.  The  number  of  disks  needed  depends  on  the  hardness 
of  the  specimen  to  be  polished.  The  piece  should  he  held  lightly 
auainst  the  revolving  disk  until  the  scratches  produced  by  the 
preceding,  coarser  disk  have  disappeared. 

The  final  polishing  is  done  on  disks  covered  with  broadcloth, 
using  rouge  (ferric  oxide)  and  water.  Commercial  polishing 
rouge  is  fine  enough  for  use  without  special  treatment.  It  is 
stirred  up  with  water  to  a  paste  in  a  large  vessel  and  applied  to 
the  cloth  with  a  brush. 

The  specimen  is  ready  when  it  has  a  perfectly  smooth  mirror 
surface.  The  rouge  adhering  to  the  surface  is  washed  off  with 
running  water,  the  water  removed  by  alcohol  and  the  surface 
finally  dried  with  a  soft  cloth  of  cotton  wool.2 

3.  The  Microscope.  —  In  many  cases  the  chemist  can  dis- 
tinguish inequalities  in  the  composition  of  iron  and  steel  without 
the  aid  of  a  microscope  (e.g.,  the  formation  of  zones  due  to  ex- 

Carious  firms,  for  example,  "  Verriiiinte  rhrmisch-mctallurgische  und 
metallographische  Laboratorien,"  Berlin,  C.  19,  Adlerstrasse  7;  and  P.  E. 
Dujardin  &  Co.,  Dlisseldorf,  Breitestrasse  71,  furnish  machines  built  especi- 
ally for  grinding  and  polishing  metals  and  alloys.  The  use  of  a  turning  lathe 
as  a  polishing  machine  has  the  advantage,  however,  that  it  ran  he  used  as  a 
lathe  for  the  simple  mechanical  work  that  often  has  to  be  done  in  a  labora- 
tory. For  a  laboratory  assistant,  it  is  a  good  plan  to  have  a  reliable  mechanic 
who  is  familiar  with  the  use  of  the  lathe,  saw.  and  planer  and  who  can  \w 
trained  to  grind  and  polish  specimens,  take  turnings  or  borings  for  analysis 
and  d»  the  other  mechanical  work  that  is  necessary  in  a  chemical  and 
met  allographs  laboratory. 

1  Detailed  directions  for  grinding  and   polishing  are  given  in  "  > 
loirrnphu'."  Heyn  and  Bauer,  Goschen  Collection,  No   432,  and  in  "Metal- 
lography." IVsrh.  p.   I'M. 
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treme  segregation)  because  marked  irregularities  of  this  sort  can 
be  seen  with  the  naked  eye  if  the  specimen  is  properly  treated. 
(See  section  C.) 


Eyt  Piece  < 


I-'  1  1,.  4.      Microscope  with  Marten's  ball  and  socket  support. 

This  study  of  sections  with  the  unaided  eye  has  been  called 
by  Heyn  "Macroscopic  Analysis."1 

t  In  other  cases  where  it  is  a  question  of  slight 

local  differences,  intentional  or  unintentional 
changes  in  chemical  composition  due  to  cemen- 
tation, tempering,  burning,  etc.,  the  microscope 
is  indispensable.  For  a  metallographic  labora- 
tory intended  primarily  to  help  the  analyst  in 
the  selection  of  samples,  a  complicated  and 
expensive  microphotographic  outfit  is  unneces- 
sary. The  microscope  shown  in  Fig.  4  is  satis- 
factory. (The  Marten  stand  with  ball  and 
socket  joint.) 

Fig.   5  is  a  sketch  of  the  optical   principle 
5.—  Dia-  involved.     The  specimen  (S  in  Fig.  4)  is  pi 

in  a  position  inclined  to  the  optical  axis  of 
the  microscope  and  illuminated  by   obliquely 
falling,  diffused  daylight.     The  mirror  surface  of  the  specimen 
reflects  the  incident   ray  in  the  axis  of  the  microscope.     With 
>Mitt.  n.<!    K«l.  M..trrialprufuMKsamt,  1906. 


Objective 
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arrangement.  of  OOime,  only  :i  small  strip  of  the  specimen  W 
iii  focus  while  the  IVM  is  blurred.  but  a-  t  he  microsco|x>  Ktau<I  \\IIA 
•  M-kt-i  jnints  (A",  ;,|1(|  A",  m  l'{^.  h  it  i«  |x>HMiblc  to  put  the 
microscope  in  any  dr-ir.-.l  pi»>ii  ion  so  t  hat  I  he  whole  surface,  even 
of  ii  larixc  spccinii'ii,  can  !.«•  rxrmiiiiril  without  diiiic-ulty.  The 
t:it>lc,  T,  on  which  small  sp<-ciin.'ii>  can  IK-  laid  is  also  on  a  sorkrt 
bed  so  that  it  can  be  placed  at  any  angle  with  reference  to  the 
microscope, 

Objective  A  and  eyepirre  2  can  be  recommended  as  suitable 
and  sufficient  lenses  for  the  analv-t.1 

1  This  niirniscopr  can  \n>  furnished  l>y  Carl  /etas,  Jena.      The  lenfl  lium- 

is  accdnlin^  to  the  /ri->  catalog. 


CHAPTER  III 
TREATMENT  OF  THE  POLISHED  SPECIMENS 

In  some  cases  grinding  and  polishing  alone  are  enough  to  show 
the  distribution  of  certain  constituents  in  the  material.     (See 
graphite,  p.  17.)     In  most  cases,  however,  further  treatment   i 
needed  to  develop  the  structure.     For  this  purpose,  the  various 
ctcliing  methods  are  of  chief  importance. 

Of  the  many  etching  mediums  recommended  in  the  literature 
only  two  will  be  mentioned  here  which  if  used  intelligently  will 
give  the  chemist  ample  information  as  to  whether  the  material 
is  or  is  not  homogeneous.1  These  etching  mediums  are: 

1.  Copper  ammonium  chloride  (E.  Heyn)  for  the  macroscopic 
study. 

2.  Alcoholic   hydrochloric  acid   (A.   Martens  and   E.    Heyn) 
for  microscopical  examination. 

For  the  detection  of  sulfide  inclusions  the  method  of 

3.  Printing  on  silk  (Heyn  and  Bauer)  is  often  useful. 

1.  Etching  with  Copper  Ammonium  Chloride  (Method  of  Heyn) . 
— Copper  ammonium  chloride  has  an  electrolytic  action  on  iron. 
An  interchange  takes  place  between  copper  ions  in  the  solution 
and  the  iron  of  the  specimen  whereby  spongy  copper  dep<> 
on  (lie  surface  of  the  specimen  and  an  equivalent  amount  of 
iron  goes  into  solution.  The  action  is  allowed  to  continue  for 
from  1  to  2  inin.  and  then  the  copper  deposit  is  wiped  off. 
To  prepare  the  solution,  use  120  cc.  of  water  for  each  10  g.  of 
copper  ammonium  chloride  (commercial).  It  is  advisable  to 
make  up  a  large  volume  of  the  solution  (10  or  12  liters)  as  the 
solution  will  keep  indefinitely.  The  commercial  salt  is  usually 
somewhat  impure  and  will  not  give  a  clear  solution  but  one  con- 
taining a  fine,  white  precipitate  which  eventually  settles  to  the 

1  There  is  no  advantage  in  lining  a  great  many  etching  medium-:  H 
far^n-ater  value  to  test  as  carefully  as  possible  with  a  fe\\  reagent-  on  widely 
differing  materials  and  in  this  way  become  thoroughly  familiar  with  their 
characteristic  behavior  under  varying  conditions. 

12 
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boUom  of  l.he  I.e.  tile.       This  precipitate  need  not  lx»  filtered  off  tlH 

it  does  no  harm  in  tin-  etehing  proceos. 

The  method  dt  etching  is  as  follows: 

l-'irst,  dean  the  specimen  by  wiping  it  with  a  bit  of  cotton 
soaked  in  absolute  alcohol  to  remove  traces  of  oil  or  grease  ((JUO 
to  contact  with  the  fingers)  and  t-hen  dip  it  under  tho  etching 
solution  with  the  polished  surface  up  in  a  large  flat  dish  of  glass, 
pom-lain  or  papier  mache1  us  shown  in  Fig.  6. 

Care  must  be  taken  to  introduce  the  specimen  into  the  solu- 
tion in  such  a  way  that  an  even  flow  of  liquid  over  tho  polished 
surface  takes  place,  othei  \\ise  M  reaks  and  spots  are  likely  to 
occur.  Air  bubbles  on  tho  polished  surface  must  also  be  avoided. 
Wherever  air  bubbles  stick,  the  copper  will  not  deposit  so  that 
small,  round,  bright  spots  will  be  left  on  the  otherwise  etched 
surface.  The  etching  medium  must  be  kept  in  constant,  motion, 
eit  her  by  stirring  or  shaking,  from  the 
time  the  specimen  is  put  in  until  it 
is  taken  out  again.  If  this  is  not 


_ 

done,   especially  with  large  surfaces, 

concentration  changes  take  place  in    FlG-   6.—  Etching  dish  with 
dilTerent  parts  of  the  solution  which 

may  cause  a  stronger  attack  at  some  places  on  the  surface  than 
on  others  and  hence  lead  to  quite  false  conclusions. 

If  the  etching  solution  is  of  the  proper  concentration  (1  :  12)* 
and  the  temperature  is  not  too  low  (room  temperature  of  16° 
to  18°  C.  is  alx)ut  right)  the  copper  deposit  can  be  removed 
easily  by  placing  it  under  running  water  and  wiping  with  cot- 
ton wool.  Rinse  the  specimen  with  absolute  alcohol  to  re- 
move all  traces  of  water  and  finally  dry  it  by  patting  it 
gently  with  a  soft,  dry  towel.  Alcohol  should  be  used  liberally. 
Too  great  an  economy  in  its  use  is  always  followed  by  the  rust- 
ing of  the  test  specimens.  If,  however,  the  water  is  completely 
removed  the  sections  will  keep  indefinitely  in  a  desiccator. 

Etching  with  copper  ammonium  chloride  is  chiefly  useful  for 
the  macroscopic  study.  It  is  especially  suitable  for  soft  iron,  for 

1  Papier-mache  dishes  are  reoommtttcfod  hecause  of  their  durability. 

*  Too  strong  solutions  attack  tin-  specimen  too  quickly  while  if  the  solu- 
tion is  too  weak  the  copper  adheres  so  firmly  to  the  iron  that  it  is  difficult 
to  remove  it. 
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ordinary  carbon  steel  which  has  not  been  hardened,  for  white 
cast  iron  and  above  all  for  the  detection  of  phosphorus  segrega- 
tion in  castings. 

The  reagent  is  not  suitable  for  graphitic  irons  as,  on  account 
of  the  galvanic  action  of  the  graphite,  the  copper  deposits  very 
firmly  on  the  surface  of  such  polished  materials.  Special  steels, 
e.g.,  nickel  steel  and  chrome-tungsten  steel,  also  cause  the  copper 
to  deposit  in  a  solid  form. 

2.  Etching  with  Alcoholic  Hydrochloric  Acid  (Method  of 
Martens  and  Heyn). — Unlike  the  copper  ammonium  chloride 
solution,  the  alcoholic  hydrochloric  acid  acts  as  a  pure  solvent. 
Certain  components  of  the  iron  carbon  alloy  are  more  strongly 
attacked  than  others  so  that  a  specimen  etched  with  alcoholic 
arid  resembles  one  polished  in  relief;1  some  of  the  constituents 
appear  to  be  raised  above  the  others.  This  is  one  of  the  advan- 
tages of  this  reagent. 

The  solution  is  composed  of  10  cc.  hydrochloric  acid  (sp. 
gr.  1.2)  in  1000  cc.  of  absolute  alcohol. 

As  this  solution  will  also  keep  indefinitely,  it  is  well  to  make 
up  a  large  quantity  (5  to  10  liters). 

Etching  is  carried  out  exactly  as  with  copper  ammonium 
chloride2  except  that  the  time  of  etching  is  considerably  longer. 
With  soft  steels  3  to  15  min.  are  necessary  and  with  hard  steels 
the  time  may  be  considerably  longer.  In  general,  the  etching 
should  be  stopped  when  the  original  mirror  surface  becomes  dull. 
A  quick  inspection  under  the  microscope  will  show  whether  the 
etching  has  gone  far  enough.  If  the  etching  is  incomplete,  re- 
place the  specimen  in  the  bath.  Constant  motion  of  the  etching 
solution  is  necessary  in  this  case  also.  When  the  etching  is 
complete,  remove  the  specimen,  without  first  washing  it  wit.h 
water  (as  in  the  case  of  copper  ammonium  chloride  treatment  i, 
rinse  it  with  absolute  alcohol  and  finally  dry  it  on  a  soft  towel. 

Etching  with  alcoholic  hydrochloric  acid  has  for  its  main  ob- 
ject the  preparation  of  the  specimen  for  microscopic  analysis. 
It  is  well  adapted  for  use  with  all  kinds  of  iron  and  steel  whether 
hardened  or  not.  It  is  not  suitable,  however,  for  indicating  phos- 
phorus  segregations.  Special  steels  (nickel  steel,  chrome- 

;i  discussion  < >f  relict  potishiiigMe"MetAltoffraphie"  lleynand  I1. 
8  P:ipiiT-m:'u-lir  dishes  are  not  recommended  for  this  ream-tit 
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tungsten  steel,  etc.)  are  very  slowly  attacked  by  thin  reagent. 
The  effect  can  be  increased  somewhat  by  the  addition  of  a  few 
cuhic  een time-tore  of  pirn.  a<  id  solution  (5  per  cent,  in  alcohol). 

3.  Printing  on  Silk  as  a  Test  for  Sulfides  (Heyn  and  Bauer). 

The  method  of  taking  u  sulfur  print  depends  on  the  fact 
th;it  sulfur  occurs  in  iron  and  steel  chiefly  as  iron  sulfide  or 
manganese  sulfide,  both  of  which  evolve  hydrogen  sulfide  on 
bring  treated  with  dilute  hydrochloric  acid. 

The  method  is  as  follows: 

Cover  the  polished  surface  with  a  piece  of  silk  and  then  by 
means  of  a  small  brush  or  wad  of  cotton,  moisten  the  silk  with  a 
solution  of  the  composition: 

10  g.    mercuric  chloride. 
20  cc.  hydrochloric  acid  (1.12). 
100  cc.  distilled  water. 

Wherever  sulfide  inclusions  are  present,  hydrogen  sulfide  is 
evolved  and  will  cause  black  mercuric  sulfide  to  deposit  on 
the  silk.  The  action  should  be  allowed  to  continue  for  4  or  5 
minutes. 

The  brisk  evolution  of  hydrogen  that  takes  place  during  the 
reaction  is  likely  to  cause  the  formation  of  bubbles  under  the 
thin  piece  of  silk.  Press  out  the  bubbles,  as  fast  as  they  collect, 
by  means  of  a  brush  soaked  with  the  solution.  Take  pains 
throughout  the  whole  process  to  keep  the  thin  silk  sheet  in  close 
contact  with  the  polished  surface.  Replace  the  exhausted  solu- 
tion with  fresh  solution,  from  time  to  time,  by  brushing  the 
surface  with  wet  cotton. 

After  the  action  is  complete,  remove  the  silk  cloth  and  wash  it 
with  tap  water  to  take  out  the  acid.  If  this  washing  is  carried 
out  carefully,  none  of  the  black,  firmly  adhering  mercuric  sul- 
fide will  be  lost.  The  silk  sheet  then  shows  an  exact  mirror 
image  of  those  spots  on  the  surface  of  the  specimen  where  sulfide 
inclusions  occur.1 

Phosphorus-rich  spots  generate  phosphine  under  the  action  of  hydro- 
chloric acid.  This  deposits  lemon-yellow  mercuric  phosphide  when  brought 
incontact  with  mercuric  chloride  solution.  Then-  is  no  danger  of  confusing 
such  a  precipitate  with  the  sulfide  deposit  and,  moreover,  the  evolution  of 
phosphine  is  very  slow  in  comparison  with  the  evolution  of  hydrogen 
sulfide. 
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The  method  gives  satisfactory  results,  especially  where  the 
included  sulfido  is  closely  segregated.  If  the  sulfur  content  is 
small  and  uniformly  distributed  in  the  mass,  the  silk  assumes  a 
pale  gray  color  with  no  clearly  marked  spots.1 

1 A  modification  of  this  method  was  suggested  by  Baumann  (Metallurgie, 
1906,  416). 


CHAPTER  IV 

METALLOGRAPHIC  CHARACTERISTICS  OF  THE  CON- 
STITUENTS OCCURRING  IN  IRON  AND  STEEL 

1.  Graphite,  Temper  Carbon  (Pure  Carbon.)     Ktchingof  the 

polished  specimen  is  not  necessary  for  the  detect ion  of  graph- 
ite in  iron  or  for  the  detection  of  the  temper  carbon,  which 
cannot  be  distinguished  from  it  chemically.  Graphite  appears 
under  the  microscope,  or  can  often  l.e  seen  with  the  unaided  eye, 
in  the  shape  of  dark  gray  or  black  veins1  of  varying  length  and 
thickness.  The  shape,  size,  and  arrangement  of  the  veins  depend 
on  the  manner  of  formation  and  on  the  kind  of  iron. 

Tig.  7  shows  on  the  left  half  (magnified  1 17  diameters)  clusters 
of  graphite  needles,  while  the  right  half  shows  the  long  graphite 
veins.2  The  sections  were  not  etched  but  simply  ground  and 
polished.  Temper  carbon  occurs  usually,  though  not  always,  in 
the  shape  of  round  spots,  gray  or  black  in  color.  Fig.  8  (magni- 
fied 350  diameters)  shows  a  tempered  specimen.  The  section 
was  etched  with  alcoholic  hydrochloric  acid.  The  dark  round 
spots  are  temper  carbon. 

2.  Ferrite. — (Carbon-free  iron,  which  forms  a  solid  solution 
with  many  other  substances,  e.g.,  with  phosphides,  manganese, 
silicon  and  nickel.) 

ETCHING  WITH  COPPER  AMMONIUM  CHLORIDE. — Macroscop- 
ically,  or  with  slight  magnification,  the  individual  ferrite  grains 
seem  to  be  slightly  roughened  and  are  more  or  less  lustrous. 
depending  on  the  direction  from  which  the  light  comes.  \\  ith 
stronger  magnification  it  will  be  seen  that  roughening  of  the  grains 
is  due  to  etch-figures3  and  that  there  is  a  definite  orientation  of 

1  In  reality  the  graphite  veins  correspond  to  sections  of  larger  or  smaller 
graphite  plates. 

JThe  two  sides  of  the  figure  represent  different  kinds  of  in.n. 

E.  Heyn,  "  Mikroskopisrho  t'ntcrsucluingcn  an  tirl'm-at x.trn  ! 
schliffen,"  Mitt.  d.  Kgl.  techn.  Versuohsanstalten,  1898,  310. 
2  17 


18 


ur  IRON  AND  STEEL 
M  =  117 


Fie.   7. — Graphite  in  iron. 
M  =  350 


I  n,    s.      Temper  r:irln»n  in  iron. 


Ml  I  ILLOOR  \PH1C  '  //  i/,'  \<  TBR18TK  - 


1" 


'ch-fiuMiivs  on  each  grain.       These  lilies  an-  charart.-nM  ic  of 
ferrite,    and   give   in   addition   a   means   of   distinguishing   clearly 

the  boundaries  between  the  crystals. 

Tin-   left    halt'  of    I-'iir.   '-•   -hows   the   roughened   ap|>earance  of 

tlir    f.-rrilr    -rains   dllr    to   rt  rh-fitf  UIVS.       Tlir   linear   IliaLMllliratlon 

i-  :i.~>n.     The  ri^lit  half  of  t  In-  figure  ^ivcs  a  magnification  <•: 
tlianu'trrs  and  shows  rlrarly  the  symmetrical  arraimement  of  the 
rtch-liirmvs  i-i  i|,.-  individual  ferriir  crystals. 


M  =  305 


M  -  1650 


I-'n;.   '.».-    i-Vrritr. 


ETCHING  WITH  ALCOHOLIC  HYDROCHLORIC  ACID. — Fen  it e  is 
much  less  strongly  attacked  with  this  reairent  than  when  copper 
ammonium  chloride  is  used.  Etch-figures  are  formed  only  after 
action  has  gone  on  for  some  time  and  even  then  are  quite  indis- 
tinct. If  the  etching  is  allowed  to  go  on  for  only  a  little  while, 
the  fen  he  is  not  colored  but  if  the  treatment  goes  on  for  a  longer 
time  some  of  the  ferrite  grains  appear  slightly  yellow. 

3.  Cementite.-  •<  Iron  rarl»ide.  lV;,r  with<».r>7  per  cent .  carbon; 
forming  solid  solutions,  or  double  carbides,  with  other  carbides 
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e.g.,  with  manganese  carbide  or  chrome-tungsten  carbide.) 
Cementite  is  not  attacked  appreciably  either  by  copper  ammo- 
nium chloride  or  by  alcoholic  hydrochloric  acid;  after  etching, 
therefore,  the  specimen  is  still  uncolored  and  with  its  mirror  sur- 
face untarnished.  Cementite  for  this  reason,  cannot  be  mistaken 
for  ferrite.  Because  of  its  resistance  to  etching  reagents,  it  is  left 
in  relief  with  respect  to  ferrite  and  pearlite.  Fig.  10  (magnified 

M  = 


( '('incut  itc  and  pr.-irlitr. 


The 


1650  diameters)  shows  the  structure  of  white  cast  iron. 
light  part  is  cementitc.  the  ground  mass  pearlite. 
4.  Pearlite.   -{Euteotic  mixture  of  ferrite  and  cementite.     The 

temperature  of  formation  in  the  case  of  the  iron  carbon  alloys 
i-  .il.oilt  700°  C.      Pearlite  contains  about  0. '.».">  per  cent,  carbon.) 

The    microscopic    struct  uiv    of    pearlite    depi-nds    to    a    L: 
degree  on   the   rate  at  which   it    passes  on  cooling  through   its 
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in.n-ition  point  (7(M)°  ( '.).'  If  the  rate  of  moling  i-  s|,,w.  distinct 
philcs  of  ferrite  and  cement  ite  are  formed,  while  if  the  rate  of 
trail-format  ion  is  increased,  a  series  of  t  ran-il  ion  products  IB 
t'oniii-d  ranging  from  pearlite  through  sorbite.  osmondite  and 

trOOStite    1<»   martensite.       <  See  below.)       Inspection  of  the  pearlite 

shows  within  eeitain  limits  whether  the  material  was  cooled 
slowly  or  quickly  through  the  transition  temperature. 

ETCHING  WITH  COPPER  AMMONIUM  CHLORIDE. — Pearlite  ap- 
pears very  dark  after  etching,  so  that  it  is  often  possible  to  di- 
tinguish  between  the  parts  rich  in  carbon  ( pearlite  spot-  and 
the  locally  decarboni/ed  portions  ( pearlite-lV.  •  thout 

the  aid  of  a  microscope. 

The  dark  color  is  in  reality  only  an  apparent  one  as  neither 
cement  ite  nor  pure  (phosphorus-free)  ferrite  is  colored  by  copper 
ammonium  chloride.  The  darkening 
depends  on  the  production  of  a  relief 
structure  by  etching.  Since  ceinen- 
tite  is  not  at  all  attacked  and  ferrite  !  ( 

is  dissolved  to  a  considerable  extent, 
marked  differences  in  the  height  of  the  individual  lamellae  are 
produced,  and,  in  addition  to  this  there  is  the  roughening  of  the 
ferrite  plates  due  to  the  etch-figures.  More  or  less  intense 
shadows  are  formed  as  shown  in  the  sketch,  Fig.  11,  the  depth 
of  the  shadow  depending  on  the  direction  of  the  light.  These 
shadows  make  the  whole  pearlite  field  appear  durk  even  though 
it  is  distinctly  laminated. 

As  the  dark  color  after  etching  with  copper  ammonium  chlo- 
ride may  be  due  to  other  causes  (high  phosphorus  content,  a 
sudden  passing  through  the  critical  temperature,  permanent 
change  of  shape  in  the  cold)2  it  is  always  advisable  to  follow  the 
macroscopic  study  with  a  microscopic  one. 

ETCHING  WITH  ALCOHOLIC  HYDROCHLORIC  ACID. — With  low 
magnificat  ions  pearlite  shows  a  darker  color  than  ferrite1  al- 
though the  difference  is  not  so  strongly  marked  as  with  copper 
ammonium  chloride. 

»c/.  E.  Heyn,  /.  Kh'ktn»cln-inir.  1904. 

*E.  Heyn,  Mitt.  a.d.  Kgl.  MaterialprufunKSMint.  1906,  Part  :, 
sln  case  sorbitic  pearlite  is  not  present  the  dark  color  is  explained  as  in 
the  case  of  etching  with  eopprr  ammonium  r!ilon<l. 
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With  stronger  magnification  the  separate  lamellae  of  ferrite 
and  cementite  can  be  distinguished.  The  left  half  of  Fig.  12 
(magnified  123  diameters)  shows  an  iron  with  0.44  per  cent, 
carbon.  The  dark  masses  are  pearlite  and  the  light  ground  mass 
ferrite.  The  right  half  of  the  figure  shows  the  same  iron  at 
1650  diameters.  The  single  lamellae  of  ferrite  and  cementite 
are  clearly  marked  and  the  photograph  also  shows  that  neither 
constituent  is  dark  colored.  The  shadows  in  the  pearlite  are, 
however,  readily  distinguished. 


FK;.    12. — IVnrlitr  :m<l  ferrite. 

A  very  close  estimate  of  the  amount  of  carbon  in  any  part  of 
the  surface  can  be  made  from  a  study  of  the  comparative  Die  <»f 
the  ferrite  and  pearlite  areas.  If  x  represents  the  estimated 
per  cent,  of  pearlite  (more  accurately  found  by  planimet  ric 
measurements-  then.  BfflC6  p«-arlite  contains  ().!)">  per  cent,  car- 
bon, the  JHT  cent,  by  weight  of  carbon  in  the  iron  is  0.0095s. 
Such  an  estimate  is  often  fairly  accurate. 

6.  Austenite.— (Solid  solution  of  iron  carbide  in  7-iron.) 
AiMrnite  is  obtained  when  a  >teel  with  high  <'arbon  content 
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is  quenched  as  quickly  as  possible  from  a  high   temperature. 

Mam:ane>e  I'avnrs  I  In-  formal  ion  of  aii>tenite.  In  general, 
e.g.,  ill  low  manuanex-  Meel,  pure  auMemte  i>  not  formed  but 
a  mixture  of  austenite  and  martensite. 

Copper  aniiiioiiiuni  chloride  is  not  suit  aide  for  etching  <|iienched 
(hardened'  sleel  becail>e  I  lie  eopper  deposits  SO  firmly  oil  the 

polished  surface  that  it  is  difficult  to  remove  it. 

ETCHING  WITH  ALCOHOLIC  Jh  i>i;<>,  m.<>inr  Arm.-  Au-tenite 
is  not  at  all  attacked  but  remains  white  and  brilliant.  Fig.  13 
(magnified  100  diamet- 
shows  a  steel  with  1.3  per 
cent,  carbon,  quenched  in 
water  from  1180°  to  0°. 
The  lighter,  unat  tacked 
surfaces  are  austenite 
while  the  darker  needle- 
like  masses  are  crystals 
of  martensite. 

6.  Martensite.— This 
structure  element  repre- 
sents the  beginning  of  the 
decomposition  of  the  solid 
solution  of  iron  carbide  in 
7-iron.  Pure  martensite 
is  obtained  only  after  sud- 
den quenching. 

ETCHING  WITH  ALCOHOLIC  HYDROCHLORIC  ACID. — The  char- 
acteristic of  martensite  is  its  needle-like  struct  nre,  which  becomes 
more  strongly  marked  the  longer  the  etching  is  continued.  Some 
of  the  needles  are  much  more  strongly  attacked  than  others 
and  as  a  result  a  marked  roughening  of  the  surface  of  the  speci- 
men is  produced.  Pure  martensite  is  uncolored  and  lustrous 
even  after  long-continued  exposure  to  the  etching  solution. 
Fig.  14  (magnified  875  diameters)  shows  pure  martensite  ob- 
tained by  very  rapid  cooling  of  a  carbon  steel  with  about  1  per 
cent.  C.  If  the  cooling  is  less  sudden  or  not  uniform,  more  or 
leas  dark  spots,  veins  and  other  forms  appear,  corresponding  to 
the  transition  constituents  to  be  described  in  the  next  section. 

I  m.  If)  (magnified  117  diameters)  shows  a  uniformly  quenched 


FIG.    13. — Austenite  and  m:irtni.«itt'. 
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steel  with  0.95  per  cent.  C. 
M=875 


FK;.   14. — Martensitc. 


is  slowly  reheated  (annealed) . 
characterized  intermedi- 
ate product,  osmondite,  is 
<  id  over,  which  corre- 
sponds to  an  annealing 
temperature  of  400°  with 
tool-steel  having  1  per 
cent,  carbon.  Those  tran- 
sit ion  forms  which  are 
nearest  to  martensite  (cor- 
responding in  tool  steels 
to  an  annealing  tempera- 
tinc  l>etween  0°  and  400°) 
belong  to  the  troostite 
jrnnip  while  those  nearer 
pearlite  (annealed  be- 
tween 400°  and  700° 
of  the  sorbite  class.  Be- 
tween  the  two  (at  400°)  is  osmondite. 


The  light  ground-mass  is  marten- 
site  and  the  dark  spots 
are  troostite. 

7.  Troostite,  Osmon- 
dite, Sorbite.1— (Transi- 
tion constituents  be- 
tween martensite  and 
pearlite.) 

If  the  quenching  is 
not  so  rapid  that  mar- 
tensite can  form  and,  on 
the  other  hand,  not  slow 
enough  to  allow  the  for- 
mation of  pearlite,  tran- 
sition products  between 
martensite  and  pearlite 
appear.  The  same  com- 
ponents are  formed  when 
a  quickly  cooled  piece 
In  this  way,  however,  a  definitely 
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Martrnsitr  and  t  n>< 


»<•/.  Hcyn  and  Bauer,  Mitt.  a.d.  Kgl.  Mftterialprttfunggamt,  1906, 
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ETCIIINCI  wrm  &LCOHOUC  Ihm: OB*  \«  ID.  A  charac- 
ters! ic  indication  i>  tlir  decree  of  darkening  caused  hy  etching 
with  this  iv;i"ynt.  Pure  marten-ite  i-  -••:im-Iy  colored  at  all, 
the  darkening  increases  as  the  annealing  temperature  i-  raised 
(troostite),  reaching  a  maximum  at  400°  (oHinondite)  ami  then 
••ising  tuNvanl  the  pearlite  side  < sorl.ite  i.  Tin-  solubility  in 
dilute  sulfuric  acid  shows  a  cm-responding  variation. 

l-'ig.  16  shows  the  effect  o\  et chum  willi  alcoholic  hydrochloric 
acid  on  a  0.95  per  cent .  carhon  steel,  (juenched  from  !KM)^  and  t  hen 
annealed  at  different  temperatures. 

characteristic    structure    elements    are    indicated   in    the 
table. 


Troostite: 


The  nccdlc-likc  structure  is  still  visihlr  with  smm-  of  tin- 
needles  dark  and  t»thers  much  lijjhtt-r.  Tin-  dark  c..|.,r 
increases  with  increasing  annealing  temperaturo.  See 
Fig.  17  (rnannififd  :;.")()  diameters),  sUn-l  with  0.95  per 
cent,  carhiin,  (juenched  at  '.KM)  and  annealed  at  275°. 


Osmondite: 


The  needle  structure  is  no  longer  evident.  The  dark 
color  htis  reached  it«  maximum.  Sec  Fi^  Is  'magnified 
350  diameters),  steel  with  0.95  per  cent,  carhon, 
quenched  from  900°  and  annealed  at  405°. 


Sort.ite: 


Small,  unformed  islands  of  cementiie  are  visihlo.  The 
dark  color  dccronnes  with  increasing  annealin«  tem- 
perature. See  Fin.  !'.»,  >tecl  with  ().«.».")  pel  cent .  carhon. 
(juenched  from  '.KM)1  and  annealed  at  t»-|()°. 


8.  Ledeburite. — (Solid  solution  of  4.2  per  cent.  carUm  in  the 
cementite  cutectic;  solidification  temperature,  about  11300.)1 
Led(d)iirite  is  made  by  the  sudden  quenching  of  white  cast  iron 
during  or  immediately  after  its  solidification.  Alcoholic  hy- 
drochloric acid  attacks  the  plates  of  solid  solution  (with  about 
1.76  per  cent,  carbon)  exactly  as  it  does  martensite,  while  the 
cementite  lamella*  are  unafTected.  Fig.  20  shows  the  struct  u  re  of 
white  cast  iron  quenched  from  1087°  with  a  magnification  of  350 
diameters.  The  ledeburite  is  coarse  in  -tructure  while  the  solid 
solution  shows  the  martensitic  structure.  Near  the  ledeburite 


lcf.  F.  Wiist.   Metallunrie.  1909. 
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Forged 
Condition 


640°  C. 


500°  C. 


g      405°  C. 


275°  C. 


200°  C. 


ion   c. 


Quencli'-d  at 
900°  C.  in 
rat 

ItitMiii    'I'flll- 

perature. 

IInann«>:ilc(l 


SAMPLING  OF  IRON  AND  STEEL 
M=l  M=350 


FIG.  17.— Troostite 
M  =  350 


FIG.  18. — Osmondite. 
M-360 


I  i...    !«;. 


I  (a,    19.      Surhit.-. 
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JO. — Ledelmrite  and  solid  solution 

\  I  -. :  •  -  ' 


BUtectic    may    be  9660    a    few   .  lark-culm  vd.   t  n  .«,M  ite-like.    trailW- 
tion  forms. 

9.  Phosphorus  Segre- 
gations in  Iron. — Phos- 
phorus occurs  in  iron  as 
pho>phide  Fe8P).1  Iron 
tie.-  from  carbon  can 
tain  about  1.7  per  cent. 
phosphorus  in  solid  solu- 
tion. With  increa-in^- 
carbon  content  the  solu- 
bility of  the  phosphorus 
in  the  iron  decreases. 
The  crystals  of  solid  solu- 
tion which  are  rich  in 
phosphorus  are  usually 
m ( »re  coarsely  crystalline 
than  the  crystals  which 
contain  less  phosphorus. 
Fig.  21  (magnified  4  diameters)  shows  a  strip  of  these  coarse 

crystal  grains  with  high 
phosphorus  content.  A 
coarse-grained  structure!- 
not  ill  it  self  proof  of  a  high 
phosphorus  content ,  as  t  he 
Bin  of  the  ferrite  crystals 
depends  largely  upon  the 
heat  treatment  that  the 
material  has  undergone. 

Etching  with  copper 
ammonium  chloride  is 
very  useful  for  detect  inn 
the  segregation  of  phos- 
phorus in  iron  and  steel. 
This  reagent  darkens  the 
solid  solution  that  is  rich 
in  phosphorus,  forming  a 
stain  which  varies  in  color  from  dark  brown  to  bmii 


M 


FIG.  21.— Coarsely  crystallim*  fmiu-   rich 


J  Stead,  Iron  and  Steel  Institute,  1900. 

JHeyn  assumes  that  this  is  due  to  copper  phosphide. 
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The  specimens  shown  in  Figs.  70  to  75  were  all  etched  with 
copper  ammonium  chloride.  All  show  a  more  or  less  dark 
colored  inner  zone,  with  an  outer  area  appearing  much  lighter. 
The  chemical  analysis  of  these  specimens  illustrates  the  fact  that 
there  is  an  intimate  connection  between  the  dark  color  and  the 
phosphorus  content.  The  color  of  the  dark  zone  is  so  character- 
istic that  an  expert  is  very  rarely  in  doubt  as  to  whether  the 
darkening  is  due  to  phosphorus  or  to  something  else. 

A  less  experienced  observer  might  possibly  confuse  the  dark 
spots  due  to  high  phosphorus  with  areas  that  are  rich  in  carbon,  as 
also  appear  somewhat  darker  after  etching.  Such  a  mistake 
is  not  possible  if  a  higher  magnification  is  used  because  of  the 
large  amount  of  pearlite  present  in  the  areas  which  are  rich  in 
carbon.  (See  p.  22.)  In  places  where  a  mild  steel  has  been 
subjected  to  cold  deformation,  dark  spots  may  also  occur,  e.g., 
in  the  neighborhood  of  punched  rivet  holes.1  An  examina- 
tion of  the  ferrite  grains  with  high  magnification  gives  the 
reason  for  this  darkening.  The  individual  particles  of  fen-it e 
show  distortions,  etching  furrows,  etc.,  so  that  here  too  there 
is  not  much  danger  of  mistaking  a  dark  spot  of  this  type  for 
a  phosphorus  spot. 

Phosphorus  occurs  in  cast  iron  as  the  free  phosphide  (Fe3P). 
Simple  etching  does  not  suffice  to  distinguish  it  from  cement  it  e 
)  because  phosphide  of  iron,  like  the  carbide,  is  not  attacked 
strongly  by  the  etching  medium,  so  that  both  compounds  re- 
main white  and  brilliant.  Heat  tinting,2  however,  gives  a  ready 
m<-aiis  of  distinguishing  between  the  two,  as  the  tint  produced 
by  heating  the  carbide  is  always  a  few  stages  in  advance  of  the 
phosphide  color.3  The  order  of  the  heat  tints  produced  with 
rising  temperature  is  yellow,  orange4,  red,  purple,  blue,  etc. 
When  the  cementite  is  purple,  for  instance,  the  phosphide  will 
still  appear  yellow. 

10.  Sulfide  Inclusions  in  Iron. — As  already  mentioned  on  p. 
1.").  sulfur  occurs  in  iron  as  ferrous  sulfide  or  as  manganese  sulfide. 
Since  neither  of  these  sulfides  forms  a  solid  solution  with  iron. 
it  i-  po.-v-ible  to  recognize  very  small  amounts  of  sulfide  under  the 

lr/.  K.    llryn.  /.    \'i      Drutsrli.    Ii.K..  1900. 

2  Hcyn  Mud  Bauer,  "Metallographie,"  S 
*qf.  Wtist,  Mctalluruic,  1908,  8-86, 
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Fi<;.  '2'2.   -Sulfulr  inclusions  in  ingot  iron. 

microscope.     They  appear  chiefly  as  round,  or  in  rolled  material 
as  elongated,  spots  vary-  M     , 

ing  from  fawn  color  to  pale 
blue.  They  are  not  at- 
tacked by  copper  ammo- 
nium chloride.  Dilute 
acid  dissolves  thesulfi«l< •> 
with  evolution  of  hydro- 
gen sulfide.  Fig.  22 
(magnified  1 17  diameters) 
shows  some  sulfide  inclu- 
sions in  mild  steel.  When 
other  non-metallic  inclu- 
sions (e.g.,  slag  or  oxi<l< •>) 
are  present,  it  is  often 
hard  to  recognize  sulfide. 
For  its  detection  under 

these  conditions,  a  sulfur  Sulfur  »)rint  °"  M 

print  on  silk  (p.  15)  is  very  useful. 
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FIG:  24. — Slag  inclusions  in  wrought  iron. 
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Fig.  23  shows  a  sulfur  print  in  natural  size.     The  dark  streaks 

and  spots  correspond  to 
sulfide  inclusions  in  the 
sample. 

11.  Other  Non-metallic 
Inclusions. — In  the 
of  wrought  iron  it  is 
known  that  the  non- 
mot  allic  material  is  almost 
wholly  slag.  Wrought  - 
iron  slag  inclusions  are 
usually  characterized  by 
their  dark-gray  to  bluish- 
gray  color.  With  large 
inclusions  it  is  often  no- 
ticeable that  they  are  not 
homogeneous  and  some- 
times well-formed  rryst.'d- 
lites  of  a  lighter  tint  are 
visible,  (cf.  The  left  half  of  Fig.  24,  magnified  350  diameters.) 


FlG.    25. — Non-metallic    inclusions   in 
ingot  iron. 
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In  othn  cases  round  spots  of  a  shade  darker  than  the  ground 
mass  are  noticed,  u/.  The  right  half  of  Fig.  24,  magnified  350 
diameters.)  These  difference^  in  ^t.nirture  suggest  different 
Btatefi  «•!'  oxidation  of  the  iron  in  tin*  slag. 

In  the  rase  of  ingot  inm  or  ingot  steel,  the  nature  of  the  non- 
metallic  inclusions  is  not  known  positively.1  The  inclusions  may 
have  a  very  different  composition  and  very  different,  appearance, 
depending  on  the  method  of  manufacture,  the  deoxidizing 
material  used,  and  other  conditions.  In  nearly  all  cases,  how- 
ever, t.hey  dilTer  markedly  in  appearance  from  the  slag  inclu- 
rionfl  found  in  wrought  iron.  Fig.  '2~>  (magnified  :ii>~>  diam 
shows  a  coarse  group  of  non-nr-tallic  inclusions  in  a  plate  of 
ingot  iron.  The  photograph  also  shows  that  the  inclusions  are 
not  all  alike,  the  EDAM  being  made  U|)  of  at  least,  t  hree  struct  ure 
elements. 

Although  the  nature  of  these  inclusions  in  ingot  iron  or  steel 
is  not  clearly  understood,  it  is  nevertheless  possible  in  nearly 
every  case  to  determine  whether  the  material  is  wrought,  iron 
or  not  by  the  appearance  of  the  inclusions. 

Etching  is  not  necessary  for  the  study  of  non-metallic  inclu- 
sions. Large  masses  of  slag  are  visible  to  the  naked  eye,  both 
in  wrought  iron  and  in  ingot  iron  or  steel  as  dark  spots  on  the 
mirror  surface.  For  evidence  of  smaller  inclusions,  the  micro- 
scope should  be  used,  as  otherwise  rouge  spots  and  other  acci- 
dental impurities  on  the  polished  surface  might  be  mistaken  for 
slag  and  non-metallic  inclusions. 

1  cf.  B.  \V.  Rosenhain.     5.  Internationale!  KOMKIVSS  fiir  Matt-rialprufunR 

in  Koprnhagen  (1909):  :ils«,  II.  Hil.l.anl.  Bull,  of  the  Amn  ic.-in  Institute 
of  Mining  Engineers,  1911,  No.  52,  p.  325. 


CHAPTER  V 

THE  CAUSES  OF  LOCAL  DIFFERENCES  IN  THE  CHEMICAL 
COMPOSITION  OF  IRON  AND  STEEL 

In  Chapter  I  it  was  pointed  out  that  intelligent  sampling 
was  of  great  importance  because  the  composition  of  the  sample 
is  not  necessarily  uniform  throughout  its  entire  cross-section. 
The  reasons  for  these  local  differences  are  numerous. 

1.  They  may  depend  on  the  method  of  preparing  the  material 
and  are  often  unavoidable.     To  this  class  belong  the  irregulari- 
t  ies  due  to  segregation.     Such  irregularities  may  persist  through- 
out all  the  steps  that  the  material  undergoes  in  its  manufacture 
and  often   make  sampling  exceedingly  difficult.     In  cast  iron, 
the  rate  of  solidification  and  the  rate  of  cooling  after  solidifica- 
tion play  an  important  part  in  the  amount  and  form  of  the 
graphite  that  separates  out.     Large   castings   harden  and   cool 
more  slowly  than  small  castings  and  the  same  holds  true  for 
different  sections  of  the  same  castings.     The  slower  the  cooling, 
the  more  graphite  is  deposited  and  conversely. 

2.  They  may  be  produced  intentionally  in  the  working  of  the 
material.     In   such   cases   the   manufacturer  has  in   mind    the 
preparation  of  materials   for   specific   purposes.     Cementation, 
tempering,  case   hardening,   etc.,    produce   local   differences   of 
this  nature. 

.'*.  The  irregularities  in  composition  may  be  produced  unin- 
tentionally and  without  the  knowledge  cither  of  the  maker  or 
user,  by  processes  of  manufacture  or  by  subsequent  use  (e.g., 
decarbonization  due  to  burning  the  steel,  decomposition  phe- 
nomena, rusting,  etc.).  All  these  phenomena  may  be  considered 
as  representing  diseased  conditions  of  the  metal.  They  are 
often  the  cause  for  the  reject  ion  of  otherwise  flawless  material. 

In  all  these  and  similar  cases,  the  analyst  is  dependent  on  met- 
allography for  the  recognition  of  local  irregularities.  In  later 
< -ha piers,  concrete  examples  from  actual  practice  will  be  given 
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to  >lm\v   how   iiiuch   the  analytical   iv-ultH  may  bo  iiifluonood 

under  crrlain    r«  >n«  ll  I  K  Mi-    I  »y    the   lural   ( 1  i  fT<TCn06t. 

4.  The  way  the  sample  is  taken  may  h:ivc  a  marked  influctict* 
on  the  results  of  the  chemical  analv-i-  I-VI-M  tlioil^li  the  mat«-nal 
i-  it -elf  uniform.  The  sources  of  rm>r  due  to  unskilful  HUinpliiiK 
will  l>e  indicated  in  the  next  chapter. 


CHAPTER  VI 
TAKING  SAMPLES  IN  THE  WORKS 

1.  General  Discussion  of  Sampling. — As  a  general  rule  for  all 
metals  that  can  be  worked  with  a  cutting  tool,  a  better  representa- 
tive sample  can  be  obtained  by  planing  over  the  whole  cross- 
section  than  by  drilling,  turning,  etc.,  and  when  a  metallographic 
study  has  preceded  the  chemical  analysis,  the  shavings  should 
be  taken  from  the  place  adjoining  that  from  which  the  specimen 
i  ken  for  microscopical  study.  Fig.  26  shows  the  method 
used  in  taking  a  sample  from  a  steel  rail. 

If  marked  irregularities  are  found  by  the  microscopic  study, 
it  may  be  desirable  under  certain  conditions  to  get  samples  from 

different  parts  of  the  specimen, 
in  which  case  drilling,  turninir. 
etc.,  may  be  necessary.  If 
merely  an  average  analysis  is 
required,  however,  planing  of 


Fio.  26.— A.  Section  for  metallo-  the  whole  surface  is  enough. 
graphic  study.  The  surface  indicated  In  reporting  a  complete  analy- 
by  the  cross-hatched  line  is  ground,  siSj  an  exact  statement  should 
Hishod  and  etched.  B  Shavings  be  iyen  of  the  method  of 
for  analysis  are  obtained  by  planing  ,. 

th,  whole  cross-section.  sampling,  with  an  explanatory 

sketch  if  necessary.     A  sketch 

is  indispensable  if  shavings  have  been  taken  from  different 
parts  of  the  specimen  (core,  outer  zone,  etc.). 

Frequently,  far  too  little  care  is  taken  with  the  purely  mechan- 
ical part  of  taking  samples,  cleaning  of  the  test  specimen,  plan- 
ing and  collecting  samples,  in  spite  of  the  fact  that  many  serious 
errors  can  l>e  introduced  by  careless  work.  The  first  requisite 
is  naturally  that  the  planer  should  be  clean,  that  no  shavings 
from  previou-  -e  on  it,  and  that  all  parts  that  come  in  con- 

tact with  the  specimen  are  free  from  oily,  fatty, or  soapy  matter. 
Care  must  also  be  used  to  see  that  no  oil  or  grease  drops  on  the 
shavings  already  made. 
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2.  Cleaning  the  Surface  of  the  Test  Piece.— Before  taking  a 

sample  the  surface  of  the  piece  mii-t    |M.  ,.X;iII,  .-fully  for 

external  iinpurit.ies  and  freed  from  any  that  may  be  found. 
1'irM  come  the  sill. -lances  that  adhere  loosely,  e.g.,  saw-dust 
from  the  packing,  dirt,  in  0806  the  .-pecimen  h.-is  lain  on  the 
ground,  and  similar  impurities.  The-e  can  often  IM-  remove. 1  by 
washing  or  by  rubbing  with  :i  stiff  brush  or  polishing  cloth. 
Taint  or  shellac,  letters,  numbers,  as  well  as  rust  spots,  can  In- 
removed  by  means  of  a  wire  brush  or,  if  necessary,  by  UBIIIR  a 
solvent  for  the  paint  (alcohol,  ether.  na^ol«-ue.  kerosene,  etc.), 
but  only  those  solvents  should  be  used  which  do  not  attack  iron. 

Surface  coatings  produced  during  the  manufacture,  e.g.,  ca 
skin,  forge  scale,  etc.,  adhere  much  more  firmly  than  accidental 
impurities.  If  they  cannot  be  removed  by  the  steel  wire  brush, 
it  i-  necessary  to  hammer,  file,  or  rub  with  emery  cloth.  In 
such  cases  care  should  be  taken  not  to  remove  large  quantities 
of  material. 

3.  Planing  and  Collecting  the  Shavings. — If  the  material  is 
haul,  t  he  speed  of  the  planer  should  not  be  too  fast  or  the  tension 
too  high,  as  otherwise  the  shavings  are  apt  to 

fly  off  and  be  lost  and  there  is  the  additional  1 1 

danger  that  pieces  of  the  cutting  tool  may 
break  off  and  contaminate  the  sample.  If  a 
piece  of  the  cutting  tool  should  fall  into  the 
sample  and  be  weighed  with  it,  incorrect  re- 
sults would  be  obtained  without  any  reason 
apparent  to  the  analyst.  It  is  scarcely  neces- 
sary to  say  that  shavings  which  have  fallen 
on  the  floor  should  not  be  used  for  analysis,  i  i,,  •_•: 

as  the  chance  of  contamination  is  too  great. 
The  greatest  care  should  be  used  in  the  taking  and  collecting 
of  samples  in  the  shop. 

In  planing  certain  kinds  of  iron,  the  untrained  workman  is 
likely  to  pick  up  only  the  coarser  shavings,  leaving  the  finely 
powdered  material,  e.g.,  graphite  in  cast  iron  or  slag  in  wrought 
iron,  on  the  bench  or  even  blowing  it  away.  The  fact  that 
very  serious  errors  can  be  introduced  in  this  way  will  be  shown 
on  pp.  59  and  115. 

To  avoid  losses  it.  i<  :i  good  plan  to  place  strong,  glazed  paper 
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around  the  test  piece,  as  shown  in  Fig.  27.  Then,  if  the  cutting 
speed  and  tension  are  properly  chosen  so  that  the  shavings  do 
not  spring  away  during  the  planing,  the  coarse  shavings  as  well 
as  the  powdery  material  will  fall  into  the  paper  and,  after  t  he 
removal  of  the  test  piece,  may  be  shaken  into  a  bottle  without 
any  danger  of  loss. 

4.  Annealing  before  Taking  the  Sample. — Hardened  steel  is 
often  annealed  before  planing,  to  make  it  more  easily  machined. 
The  annealing  temperature  in  the  case  of  carbon  steel  is  such  that 
it  will  be  above  the  pearlite  point  (700°  with  pure  carbon  steel). 
A  quarter  of  an  hour's  annealing  at  750°-800°  followed  by  a 
slow  cooling  until  the  pearlite  point  is  reached  is  enough.  Be- 
low 600°  the  cooling  can  take  place  quickly,  for  wit  h  carbon  steels 
even  quenching  in  water  will  not  noticeably  increase  the  hard- 
ness in  this  temperature  range. 

The  following  table  may  serve  as  an  aid  in  determining  the 
approximate  temperature.1 

Dull  red  heat about    525°-550° 

Dark  red  heat about    700° 

Dull  cherry  red about    800° 

Cherry  red about    900° 

Bright  cherry  red about  1000° 

Dark  orange about  1100° 

Bright  orange about  1200° 

White  heat about  1300° 

Bright  white  heat about  1400° 

Daz/linir  white  heat about  1600° 

The  heating  can  take  place  in  an  open  charcoal  fire.  If 
11  i-  done  in  a  furnace  (tube  furnace,  muffle  furnace,  etc.  .  it 
is  advisable,  in  order  to  avoid  the  formation  of  forge  scale  with 
a  consequent  superficial  decarbonuation,  to  place  pieces  of 

charcoal  before  and  behind  the  test  piece.  The  air  entering  the 
furnace  must  then  pass  over  hot  carbon  so  that  the  oxygen  is 
burned  to  carbon  monoxide.  The  formation  of  forge  scale  can 

be  prevented  almost  entirely  in  this  simple  way.  The  fear  that 
superficial  carbonization  (cementation)  of  the  test  piece  can 

•••I  temperature  measurements  arc  made  with  a  therm<>-element .       I  M 
details  ennrermnn  these  measurements,  consult  "  The  MeaMiremen t  OJ 
iM-ratures"  i.y  (i     K.   Burp-s  and  II.  I  A-  Chatelier. 
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be  produced  in   this   way   l»y  flu-  carbon  monoxide  i«*  unfounded 
A    very   much  longer  time   umild   IM-  required   to  pmduee  an  ap- 
preciable  c»  -I  nellt  at  JOI1  ehVct.1 

It  should  he  stated  that  t  lie  presence  of  certain  eloiurnt^  m 

tin-  steel,  €.g.,  inaiiiralH-sr  :ui<l  nickel,  cauaea  a  material  lowrriliK 
of  the  pcarlitc  point..  In  >uch  c;ise8  care  must  be  taken  in  the 
roolinir  after  annealing. 

6.  The  Sampling  of  Materials  which  Cannot  be  Machined. 
Certain  alloys  and  solf-hanlened  steel  cannot.  l»e  marhined  with 


FIG.  28. 


FIG.  29. 


ordinary  steel  tools  even  after  annealing  and  slow  cooling. 
White  cast  iron  cannot  be  annealed  because  of  the  possible  separa- 
tion of  temper  carbon.  In  some  cases  special  tool  steel  can  IM« 
used  (chrome-tungsten  and  similar  alloy  steels).  The  usual 
precautions  should  be  taken. 

If,  however,  the  material  cannot  l>e  worked  either  with  carbon 

lcf.  Bauer,  Stahl  u.  Eiscn,  1909,  No.  18.  The  author  has  IH-V«T  >u. •- 
ceecled  in  detecting  by  nu'tallnurapliir  means  the  slighti-st  trace  of 
superficial  carbonization  after  \.~>  minutes  annealing  in  contact  \\ith 
charcoal. 
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steel  or  any  of  the  special  steels,  it  is  necessary  to  knock  off 
small  pieces  from  different  parts  of  the  sample  and  to  pulverize 
these  pieces.  This  can  usually  be  done  with  a  heavy  hammer  on 
a  steel  anvil.  If  the  specimen  is  very  large  and  heavy,  a  trip 
hammer  is  sometimes  needed.  To  avoid  scattering  the  small 
fragments,  the  sample  should  be  wrapped  in  a  piece  of  heavy 
linen  cloth.  If  a  trip  hammer  is  used,  a  piece  of  iron  should 
always  be  put  between  the  test  specimen  and  the  hammer,  to 
avoid  possible  injury  to  the  machine.  The  broken  pieces  must 
be  carefully  cleaned  to  free  them  from  linen  fibers.  The  final 
powdering  of  the  sample  can  be  accomplished  in  a  diamond  mortar, 
the  simplest  form  of  which  is  shown  in  Fig.  28.  A  machine 
shown  in  Fig.  29  is  useful  for  breaking  up  white  pig  iron.1 

The  powder  obtained  after  treatment  of  the  larger  lumps  is 
heaped  up  and  sampled  in  the  usual  way  (heaping and  quartering) . 

6.  Sampling  of  Material  in  Wire  Form. — If  the  material  is  in 
the  form  of  thick  wire,  it  is  beaten  out  on  the  anvil  until  it  is  in 
the  form  of  thin  sheets  which  can  be  cut  with  tin-smith's  shears.2 

Each  wire  is  now  cut  into  pieces  of  approximately  the  same 
length.  For  the  final  sample  one  or  two  of  these  shorter  pieces 
from  each  coil  are  taken  and  after  thorough  mixing  are  cut  into 
still  smaller  pieces  for  the  final  weighing.  If  there  is  doubt,  or 
if  the  metallographic  examination  shows  that  the  wires  are  not  all 
alike,  it  is  useless  to  take  an  average  sample.  In  this  case  a 
number  of  small  sections  should  be  cut  from  the  long  wire  .-tin I 
treated  separately. 

1  A.  Kaysser,  Stahl  u.  Eisen,  1907,  1353. 

2 If  tin-  wire  is  thin  at  the  start,  so  that  it  is  easy  to  cut,  hammering  is 
ii"t  necessary. 
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WHITE  IRON,  FERRO-MANGANESE,  CHILLED  CAST- 
INGS, AND  MALLEABLE  CASTINGS 

\Vhere  planing  over  I  he  whole  cross-section  of  the  sample  is 
impossible  because  of  the  hardness  of  the  material,  the  (jue-iK.n 
of  uvtting  an  average  sample  from  a  large  piere  is  always  un- 
satisfactory unless  the  whole  specimen  can  be  broken  into  p. 
because  if  the  piece  is  not  homogeneous,  it  is  difficult  if  not 
impossible  to  get  an  average  sample  by  knocking  off  separate 
pieces.  In  such  a  case  the  analyst  should  always  give  the  met  h<xl 
of  sampling  with  his  report  and,  if  necessary,  state  specifically 
that  the  analysis  may  not  be  absolutely  representative. 

1.  Inequalities  in  the  Composition  of  White  Pig  Iron  and  Ferro- 
manganese. — That,  in  actual  practice,  very  marked  differences 


I  i.      30. 

in  the  composition  of  white-iron  and  ferro-manganese  may  « 

in  different  parts  of  the  cross-section  is  shown  in  the  following 

examples. 

From  each  middle  pig  (of  15)  of  a  ten-row  casting  bed.  pi.  •<•«•- 
were  broken  off  from  the  center  and  edge  on  the  same  cross- 
section,  as  shown  in  Fig.  30,  and  analyzed  for  manganese*  and 
phosphorus.  The  results  are  shown  in  the  following  table.1 


1  C.  Reinhardt,  Repertoritun  <l<ir  anal.  Cliom..  1887,  ~u 
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TABLE  1. — ANALVSKS  OF  HASIC-BKSSEMKU  I'KJS,  ACCORDING  TO  KKIMIAKDT 


fiddle  pig  of  the  )>••<! 

.M:inu:uif-i- 

Phosphorus 

Center, 

per  ••••nt. 

Edge, 
per  cent. 

Center, 
per  cent. 

Bd«e, 

per  cent. 

1 

2.83 

2.33 

2.17 

2 

2.43 

2.54 

2.14 

2.54 

3 

2.54 

2.64 

2.11 

2.62 

4 

2  .  9 

2.79 

2.03 

2.41 

5 

2.74 

2.85 

2.34 

2.50 

6 

2.79 

2.85 

2.12 

_•  60 

7 

2.85 

2.95 

1.98 

2.21 

8 

3.00 

3.00 

2.09 

2.30 

9 

3.00 

3.00 

2.38 

2.38 

10 

3.16 

3.16 

2.43 

2.  eg 

The  differences  between  the  center  and  the  edge  are  very 
marked,  especially  in  the  phosphorus  content. 

Similar  results  were  obtained  on  the  analysis  of  pigs  A  and  B 
of  different  grades  of  basic-Bessemer  pig.  (See  Table  2.) 

T  \MI.E  2. — ANALYSES  OF  BASIC-BESSEMER  PIG,  ACCORDING  TO  HKIMIARDT 

M:um:uiese 


p:  , 

(  V|,tcr 

Edge 

Centcc 

Edge 

A 

2.72 

2,  i:; 

•j  56 

B 

:;  52 

:;  57 

2.60 

2.76 

li'i-i»di:irdt  also  analyzed  pieces  taken  from  the  points  marked 
/'.  C,  '/.  '  .  :md  /  <ho\vn  in  Fig.  tf  1 .      Tin-  resuh-  were  as  follows: 


\\uni:  n;<>\ 
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;•!«•  taken  at                    \l  uiicamiM',  per 

l'lu»|»hiiru».  prr 

a 

2.05 

ft 

•1    >.N) 

.;  60 

c 

d 

e 

:i  (H) 

f 

•j  M 

.  32. 


Hampe1  studied  the  composition  of  dilTerrnt   parts  of  a  pi 
ln-nkrn  from  ;t  pi^  of  feiTO-manganese.     He  found  thr  following 
c-ontiMit  at  the  points  marked  1,  1>.  :i,  and  4  in  I'ig.  32. 


TABLE  4.—  ANALYSES  OP  A  FERRO-MAM;  \M-I    I  'IG,  ACCORDING  TO  II  \\ir». 


taken  at 


IVr  .•.•ni  .  m 


81.97 

M     10 

s  •    17 


The  differences  in  manganese  content  at  different  parts  of  the 
same  section  are  considerable.  Whenever  the  price  of  forro- 
manganese  is  figured  on  the  manganese  content,  the  only  way 
to  correct  for  these  variations  within  the  pig  is  to  take  a  mixed 
sample  made  up  from  pieces  of  a  large  number  of  pigs. 

1  K.  H.-unpc,  Stahl  u.  Kisrn.  1893, 
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2.  Formation  of  Globules  and  Nodules. — It  happens  not  in- 
frequently that  in  pig  iron  and  in  large  castings,  well  formed 
globules  or  nodules,  sometimes  as  large  as  a  walnut  and  quite 
different  from  the  rest  of  the  metal  in  composition,  separate  from 
the  matrix  and  remain  inclosed  in  the  pig  or  casting.  Sometimes 
they  are  in  close  contact  with  the  metal  and  at  other  times  are 
contained  in  cavities  in  the  casting.  These  inclusions  are  always 
much  higher  in  phosphorus  than  the  matrix  but  are  lower  in 
silicon.  Platz1  studied  the  composition  of  globules  of  this  sort 
and  found  the  following  values: 

TABLE  5. — ANALYSES  OF  GLOBULES  AND  NODULES  ACCORDING  TO  Pi. AT/ 


Globules, 
per  cent. 

Matrix, 
per  cent. 

Globules, 
per  cent. 

Nodules,* 
per  cent. 

Matrix, 
per  cent. 

Globules, 
per  cent. 

Matrix, 

p.T   .-,•[,  t 

Large 

Small 

Silicon  

0.58 

0.54 

0.98 

0.58 

0.52 

0.86 

0.48 

0.85 

Phosphorus 
Manganese. 

1.82 

1.17 

2.38 
1.22 

0.29 
0.72 

1.44 
1.02 

0.66 
0.78 

0.30 
0.70 

1.65 
2.25 

0.40 
1.92 

Because  of  their  high  phosphorus  content,  the  globules  have  a 
much  lower  melting  point  than  the  matrix.  When  the  matrix 
solidifies,  the  still-liquid  alloy  (phosphide  eutectic)  is  pressed 
into  the  contraction  cavities  where  it  hardens  in  the  shape  of 
spherical  masses. 

3.  Crystal  Formation  in  Cavities. — The  pigs  of  low-spi*  u«  !, 
puddle  iron  with  5  to  7  percent,  manganese  often  contain  internal 
cavities  filled  with  well-developed,  leaf -like  crystals.  When  the 
pig  is  first  broken  these  crystal  leaves  have  a  mirror  surface, 
which  on  contact  with  the  air  soon  becomes  coated  with  a  layer 
of  oxide,  brownish  yellow  to  deep  blue  in  color  and  so  thin  that 
it  can  be  neglected  as  far  as  its  effect  on  the  analytical  results  is 
concerned.  The  chemical  study  of  the  crystals  and  the  matrix 
always  shows  a  marked  difference  in  the  composition  of  the  two. 
I  Mat//'  made  numerous  studies  of  crystals  of  this  kind  with  the 
corresponding  matrix.  His  results  were: 

1  B.  Platz,  Stub  1  ii    Bteea,  1887,  639. 

*  Convex  »-l«-v;iti«>n-  on  tin*  >urf:icc  of  the  larm-r  cavities. 
PUtl,  St :,!,)  ii.  KIM.,,.  188C,  -Jl  I. 


\VHII  I.  ii;n\,  FBRBO-MANOA  \i 

I    MiLI.   l'».         \N  \l.\  SHI    i.K  (  '|0  vi  M,->    AM»    M  V  I  ltl\ 


1 

• 

11 

111 

rr,      .  !,  ...       M  .-..i 

I.,  i   MB1 

,„.,  ,,.„. 

Sill.  -i  Ml. 

0.10 

o  :ti 

Phoflphoruc 

n   17 

o  :,_» 

0.50 

0.27 

Manganese  

.-,  57 

r,   u 

i,  ni 

a  M 

:.  s7 

Carl  »on                           1    Ml            1     19 

I   77 

1.28 

The  crystals  are  always  poorer  in  phosphoric  ami  -ilicon  an<l 
richer  in  maimaiior  and  carbon.      Thrir  rmnpn^it  mn  i-  prol.ahly 
very  close  to  that  of  the  primary  -<>li«l  -olution  which  iir-t 
rates  on  cooling. 

4.  Separations  on  the  Outer  Surface  of  White  Iron.—  It  is  well- 
known  that  when  molten  white  iron  is  allowed  to  stand,  small 
masses  <.f  metal  separate  which  are  very  dilTerent  from  the  matrix 
in  composition.  Ledebur1  found  lumps  wei^hin^  more  than 
500  g.  in  white  pip;  iron  which  was  rich  in  manganese  and  phos- 
phorus (l)a-ic  iVssemer 


T.XHLK  7.  —  ANALYSKS   »>F  TUB    MASSKS  SKPAUATIN-:   OH    nn    Si  1:1  • 

WHITK   I  HI  IN 


Sulfur 


The  lumps  contained      
The  mat  ri\  contained 

up    to    «.l    per    cent. 
.'{    to     !    pic    cent 

up   to  H   per  cent 
0   it  per  cent    at   m<  •-' 

The  lumps  were  composed,  therefore,  chiefly  of  inanuane<e 
sulfide.  They  solidify  while  the  matrix  i<  still  litjuid. 

With  mottled  and  very  hard  pii:  iron,  solid,  leaf-like  formations 
(called  "bugs"  by  Ledebur)  frequently  separate  on  the  surface  of 
the  molten  metal.  These  vary  in  size  up  to  10  mm.  diameter 
and  are  essentially  oxidic  compound-. 

Ledebur2   gives   the  composition   of   some   of   these  "bugs." 

1  A.   Ledebur,    "Hnndhuch    der    Kisen- und    Stahlnicsserei."  :inl   itlition. 
1901,  p.  38. 
JLoc.  cit. 
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TABLE  8. — ANALYSIS  OF  A  "BUG" 


Silicic  acid 

Ferric  oxide 

Ferrous  oxide 

Manganous  oxide 

Phosphoric  anhydride 
Manganese  sulfide. .  . 


Platz1  also  studied  many  of  these  formations, 
analyses  are  given  in  the  following  table. 

TABLE  9. — ANALYSES  OP  "BUGS" 


Per  cent. 

29.30 
.  13.46 
.  46.73 
I).  40 
.  2.66 
.  1.25 

Some  of  his 


Very  low 
grade  white 
iron, 
per   cent. 

Low  grade 
white  iron, 
per  cent. 

Very  low- 
grade  white 
iron, 
per  cent. 

Low  gr:nle 
white  iron, 
per  cent. 

White 
puddle 
iron, 
per  cent. 

Silicic  acid.    . 

4.12 

11.84 

4.92 

11.16 

8.49 

Phosphoric  acid 
Manganous  oxide. 

5.91 
8.97 

4.49 

11.14 

9.75 
12.80 

7.55 
11.54 

11.93 
0.46 

Tin-    corresponding    matrix    contained: 


Silicon  

0.13 

0.56 

0.21 

0.50 

0.31 

Phosphorus  

0.408 
1.71 

0.41 
1.76 

0.75 
1.86 

0.77 
2.29 

2.03 
0.38 

If  these  "bugs"  happen  to  get  into  the  mold  when  the  pig 
is  poured  they  may  be  partially  reduced  by  the  carbon  in  the 
iron.  Small  metallic  globules  are  formed  in  this  way  that  differ 
very  materially  in  composition  from  the  rest  of  the  casting. 

All  of  the  phenomena  described  in  paragraphs  2  to  4  may  have 
a  marked  influence  on  the  analytical  results  unless  great  pains  are 
taken  in  getting  the  sample. 

5.  Effect  of  Remelting  on  the  Chemical  Composition  of  White 
Iron. — It  would  not  be  fair  to  base  the  composition  of  the  origi- 
nal white  iron  on  the  composition  of  the  easting  made  from  it, 
as  the  iron  changes  its  composition  very  materially  when  it  is 
remelted. 

The  method  of  melting  (crucible,  open  hearth,  eupola  furn.K  < 
has  a  marked  influence  on  the  final  composition. 

After  three  remeltings  of  white  iron  in  graphite  crucibl* 

1  B.  1'lat/.  Stahl  u.  l-'.isi-n.  1887,  639. 


II  /////. 


t  ///,'//"   M.INGANK*!.    I  /' 


I'inte  to  3.25  part*  clay)  Miiller1  found  tin- 

changes   ill    the  chemical   composition: 

T  \HI.K    in.      AN  \i. )•*>.*  in    MI'I.IJEK 


<•«!...„. 

percent. 

Kilirun. 

MatiCJUtrM. 

Krtorr  rvmrlting 

:;  .v» 

0  07 

"    n| 

After  first  rrinrlt  inn 

:{  71 

(i  :,: 

1     ''1 

After  second  ivmrltitiK 

o   7ii 

1     v"> 

After  third  n-im-ltinn. 

3.63 

1    (17 

1      si, 

Tin-  original  white  iron  showed  after  each  remelting  a  strong 
separation  of  graphite  with  a  simultaneous  increase  in  silicon 
content  and  decrease  in  the  inaimane-e  content.  After  four 
remeltings  the  white  iron  had  hern  changed  completely  to  gray 
iron.  I'nfortunately  the  corresponding  graphite  determina- 
tions were  not  carried  out. 

A  sample  of  spiegel  with  about  12  per  cent,  manganese  was 
melted  in  a  graphite  crucible  ami  allowed  to  cool  slowly  in  the 
furnace.  After  breaking,  the  lower  half  showed  a  brilliant  white 
fracture  while  the  upper  half  gave  a  dull  gray  fracture.  Micro- 
scopic study  and  chemical  analysis  showed  that  in  the  upper 
half,  Ay  a  marked  separation  of  graphite  had  occurred  while 
the  lower  half,  B,  had  remained  \\l;ite. 

The  total  carbon  content  of  .-1  was  increased  and  the  manga- 
nese content  was  reduced  throughout  by  about  2  per  cent.  (See 
Table  11.) 

TAHLK  11.      SIMKCKLKISKN  \\IIH  TJ  I'KIC  ( 'I.M.  M  \\«.  \\EHE  AFTKII  MKI.I  i  s«. 
IN  A  GKAIMIITK  Cut  on 


I...W.T  half.  #,  percent. 


I  |.|..r  half,  X,  per  cent. 


Total  carbon 

5  43 

5  19 

(  iraphitr 

0.31 

1.80 

Combined  carhon  

5.12 

3  39 

Manganese  
Silicon  

9.77 
0.94 

9.61 

(1    xx 

»Stahlu.  Eisen,  1885,  181. 
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Fig.  33  (magnified  350  diameters)  shows  the  structure  of  the 
lower  white  half  B.  Fig.  34  (magnified  117  diameters)  is  taken 
from  the  upper  gray  half. 

M=350 


FIG.  33. — White  spiegel. 
M=117 


FIG.  34. — Gray  spiegel. 

Remelting  in  ti  n»\vrl oratory  furnace  also  causes  marked 

chunk's  in  the  composition  as  is  shown  in  tho  following 
analyses.1 

1  From  H.  v.  Jiipturr,  ••('.nm.l/.iige  der  Siderologie."  Part  3,  p.  375. 


if/////:  r«W,  FBRBQ  UANQANB81     i  i< 

TMII.I.    12.— ANALY-K  -  in   v    Jt'lTNKU 


17 


11 

B*» 

Ah. 

lirl   .,. 

Utr, 

RUM 

king 

Percent. 

p.*-. 

Per  Mat. 

^01 

Carbon 

.;  '»•» 

Silicon  

ii 

0  021 

0  205 

ii  ()25 

Mangam'.sr 
Phosphorus  
Sulfur  

1    7J 
0.1  0.t 
O.o:,7 

ii  jr, 
0  036 

0  .n 

•J  (i7 
n  07.5 
0.058 

<»  Js 
o  056 
0.034 

The  decreas  •  in  the  amount  <»f  maipjane-e  an«l  of  silicon  due  t<» 
remelting  i-  t-pcciallv  not  iceahle.  The  percentage  of  carbon. 
|ihos|)horus  and  sulfur  is  also  lowered. 

When  the  ivinelting  takes  place  in  a  cupola  furnace,  the  chief 
effect  is  the  oxidation  of  manganese.  The  silicon  is  prot. 
from  oxidation  in  this  way.  With  a  high  manganese  content 
(Spiegel)  an  increase  in  the  silicon  can  occur,  due  to  action  on  the 
furnace  walls  and  on  the  slag.  This  is  shown  in  the  following 
table  of  analyses  given  by  v.  Koppen.1 

TABLE  13 


in 


i\ 


Before 

After 

Before 

Aft.T 

Befbn 

,,, 





\-..- 

"Spiegel" 

Rein 

.-IliLK 

Per 

IVr 

Per 

Per 

P« 

Per 

Per 

Per 

Per 

Per 

oent. 

c.-Iit  . 

MOt. 

oent. 

cent. 

,,..,t 

.... 

•  •  •  • 

Mrt 

Carbon 

.-{     MS 

1   l.{ 

I     X) 

i  '.  ' 

i    i^ 

t       ..M 

i  H 

i  M 

3.  A3 

3  67 

M.-lMk'Iilir-r  

1  J    M 

8.91 

14.25 

n>  :.J 

1   »     MX 

M    n,, 

;.,  J» 

in  M 

14.  M 

SililMMl    

M    !  1 

0.50 

0.12 

0.40 

n    !J 

•  i     IJ 

0.40 



n    tl 

The  carbon  content  generally  increases  because  of  the  intimate 
contact  of  the  iron  with  the  glowing  coal.  If  coke  is  US«M!  for  the 
smelting  an  increase  in  sulfur  is  often  noticed. 

6.  Influence  of  the  Rate  of  Cooling  on  the  Composition  of 
White  Iron.  Hard  Castings.— Using  the  same  iron  it  is  possible 

1  E.  v.  KopptMi.  Dinglers  polyt.  Journal.  232,  53. 
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to  make  a  white  or  a  gray  casting,  according  to  the  way  in  which 
the  piece  is  cooled.     This  fact  is  used  in  the  manufacture  of  the 


M=l 


FIG.  35. — Hardened  casting. 
M-350 


DM  made  fnnn  white  Imnlrr.  <*.  in  Fig.  35. 

so-called  hunh  ned  castings  or  castings  which  have  been  chilled 
purposely  at  certain  points  on  the  surface  so  that  a  more  or  less 


II  /////.   IRON,  FBRRO  \l  \  V,  UVJWI     /  i< 


1" 


thick  layer  <.f  whit.-  iron  forms   <,,  in  Fin.  :;$).     'f|M»  white,  hard 
rs  gradually  into  mottled  iron  (0  in  Fig.  35),  while  the 
core  ami  the  parts  cooled  M-340 

slowly   become  jzray    (7  ill 


>n  taken  at  the  tranidtioii 
zone,  0. 


M=3f>0 


rxainination  will  show  tlic 
depth   of   the   hard    white 

layer. 

Fin.  :>."»  shows  in  natu- 
ral si/e  the  gradual  tran- 
sition from  white  to  may 
iron. 

1  in.  :'.«>  is  a  section  from 
the  white  bonier,  magni- 
fied :>.")()  diameters.  It  is 
a  mixture  of  cement  ite 
and  pearlito. 

I  "itf.  37  (ma^nifie<l 

tliameters)        shows        the 

transition    zone  (mottled 

iron).  In  addition  to  the 
<  <  mentite  and  |M»arlitc. 
small  patches  of  graphite 
occur. 

F\K.  38  (magnified  360 
diameters)  corresponds  to 
the  gray  part.  Large 
plates  of  graphite  are 
found  in  the  pearlite. 
(  Vmentitc  is  present  only 
in  very  small  quantities. 

An  average  analysis 
over  the  whole  croflB  sac 
tion  (a  =  white  edge,  ft  « 
i  ransit  ion  zone  of  mottled 
iron  and  y  =  gray  iron 
core)  would  be  of  no  value 
in  this  case.  It  may  bo 

useful,  however,  to  know  the  composition  of  the  individual  layers, 


FIG.  38. — Taken  at  the  part  7. 
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a,  /3  and  y.  To  get  this,  samples  for  analysis  should  be  taken  from 
each  of  the  zones.  After  the  depth  of  the  layers  has  been  deter- 
mined by  the  microscope,  shavings  for  analysis  should  be  taken 
from  the  gray  iron  either  by  planing  or  boring  and  in  the  same 
way  from  the  zone  of  mottled  iron.  The  thin,  white  layer  which 
is  left  and  which  cannot  be  machined  is  then  broken  to  pieces. 

Table  14  gives  some  analyses  of  various  hard  castings. 
Borings  were  taken  from  zone  a  (white  iron)  and  zone  y  (gray 
iron)  only.  The  different  specimens  were  cast  in  the  usual  pig 
molds,  the  bases  of  which  were  of  iron  and  the  walls  of  ordinary 
molding  sand.  The  analyses  were  made  by  Wedding  and 
Cremer. 

TABLE  14. — ANALYSKS  BY  WEDDING  AND  CREMKK' 


Sample 
number 

Total 
carbon, 
per 
cent. 

Gra- 
phite, 
per 
cent. 

Silicon, 
per 
cent. 

Man- 
ganese, 
per 
cent. 

Phos- 
phorus. 
per 
cent. 

Sul- 
fur, 
per 
cent. 

Cop- 
per, 

pc-r 

ci-nt. 

U.-ininc.-J, 
•  li-pth 
in 
iniu. 

1 

white  (a) 

3.30 

0.56 

1.55 

1  41 

Trace 

1 

(gray    (y) 

3.27 

2.45 

1.57 

1.23 

7-12 

white  (a) 

2.87 

0.14 

1.64 

.39 

0  68 

0  03 

- 

era  v    (y  ) 

2  37 

2  27 

1  50 

08 

0  03 

Trace 

15-20 

' 

, 

white  (a) 
>  gray    (7) 
white  (a) 
eray    (y) 

3.12 
3.07 
3.26 
3.05 

0.09 
2.43 
0.08 
1.86 

1.16 
1.22 
0.91 
1.09 

.33 
.87 
.53 
16 

0.51 
0.49 
0.52 
0  56 

0.04 
0.039 
0.08 
0  08 

Trace 

>  20-28 
32-48 

white  (a) 

3  16 

0  06 

0  86 

02 
"u 

.-> 

gray    (-y) 

2.53 

1.56 

0.82 

82 

0  82 

Trace 

36-50 

white  (ct) 

3.07 

0  03 

0  75 

05 

0  62 

0  03 

6 

gray    (y) 

2  42 

1  52 

0  70 

01 

0  59 

o  o:> 

55-75 

7 

white  (a) 
eray    (y) 

3.20 
2.89 

0.03 
2  27 

0  s-_> 
0  81 

0.16 
0  15 

0   ss 
0  ss 

0.10 
0  10 

Trace 

35-90 

The  total  carbon  and  manganese  are  higher  in  all  cases  in  /one 
a  (white)  than  in  zone  y  (gray). 

A  large  number  of  analyses  of  hard  castings  have  been  made 
by  de  Loisy.2  Table  15  gives  some  of  the  results  of  his  analyses. 
The  specimen-  \verr  hardened,  cast  rollers  of  French  manufac- 
ture, all  of  which  had  given  good  service. 

1  II.  \\VililiiiK  ;,„«!   T.  Cn-incr,  Si.-ihl  ii.   Kis.-n.  1907,  835, 
M    i: .  «!••  I...i-\  .   Krvur  ,|«-  M  ••  t  :i  1  hi  r^i«  • .  ' '  Mrin .  ,i  iv*  T.  .1 1  ,i  •  II.  "p.  862. 
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II    II 

8an.pl.- 

^'" 

Firm 

N.'," 

1  Com-  1   Or*-   1  T  . 

from                lnix.t.      !•!.!'.. 

•MM 

a 

! 
• 

i-y  & 

1 

\\  hue  part 

2.10 

0.45 

o  r,s 

o    ;x 

0.15 

050 

X 

<  Jrav   |»art 

1.22 

1    _'o 

2.42 

o  7o 

0.17 

0  47 

White  part 

o  .;:, 

2.70 

o  ::, 

0.40 

0.13 

Co. 

part 

0    '.x 

2.00 

0.70 

0     Is 

0  16 

0.57 

Pern    A 

3 

White  part 

1.90 

o  08 

0.91 

0.40    o  ir, 

Co. 

tJ 

(Jray  part 

1    11 

1    7:, 

J    x', 

0    X-, 

8     o   lx     0.46 

P.-rrv    A 

White  part 

o  QO 

0.42 

o   17     o  09    0  52 

Co. 

(  Jray  part 

0.40 

—    .  »O 

J     >.M) 

o  06 

0.48    0  10    0.62 

Le 

White  part 

1.70 

1      10 

.;   10 

o  08 

0.5()     o  ox     o    jj 

Creu-i.t 

(Jray  part 

0    lx 

2.50 

2.98 

o  06 

0.50    0  06    0.47 

Le 

. 

White  part 

2.37 

o  :,i 

2.91 

o  7J 

0.87     0  07     • 

usot 

O 

Cray  part 

0.91 

1.97 

0.74 

o  M 

0.06    0.64 

I 

7 

White  part 

1   ••" 

0.82 

2.81 

0    XO 

0.76 

0.09 

o    :,J 

iiaol 

f 

(  Jray  part 

o  r,x 

2.11 

2.79 

0    x| 

0.78 

0    Ox 

0.53 

L« 

White  part 

2  17 

0    x.-, 

:;  oj 

o  71 

o  7«i 

0.08 

0    i,J 

Creu-"t 

• 

(Jray  part 

0.61 

2.46 

3.08 

0.67    0.81 

0    Ox 

O    i  ,  J 

Le 

Q 

White  part 

•2    11 

0.49 

_'    '..0 

0.64    0.68 

o  .r. 

0  61 

Creu-.t    " 

(  '.ray  part 

O.xj 

2.09 

2.91     o  i..'     o  71     0.10 

o  00 

With  the  exception  of  rolls  2,  3,  8,  and  '.)  tin-  analyses  show 
an  enrichment  of  the  total  carbon  in  the  white  (hard)  layer. 

The  dilTc tvnces  are  still  mor^  strongly  marked  in  the  chilled 
castings  analyzed  by  Ledelmr1  as  shown  in  the  following  table. 

TAHI.K   H» 


Material 

Sample 

taken 

from 

Total 

••:irln.li. 
por 

Silir.,1,. 

,!':.; 

Man- 

.•  i  •  •  • 

a 

1"     - 
phurum 

^: 

|MT 

rent. 

(-.,„- 

PW. 

:••  • 
r*m 

Chilled  armor 

White  part 
Gray  part 

3.31 
3.03 

0.71 

1.03 

1  Ox 

l 
1 

• 

0    Ox 

0  08 

: 

Chilled  wheel 

White  part 
(Jray  part 

3.27 

:;  or, 

0.91 
1.01 

1.64 

1  01 

1 

• 

0  03 
0.03 

I 
: 

Chilled  roller 

White  part 
(Jray  part 

:;  ox 
_'    in 

0.88 

0    x,i 

0.21 

o  _>t 

o  x.; 
o  x; 

0.12 

0    11 

0  06 
0  07 

Chilled  roller 

White  part 
(Jray  part 

•J  xi 

0.83 

0    x,» 

0.15 
0.16 

0    xs 
0    xs 

0.10 

0    10 

o  00 
0  04 

1  Ledehur.  "  1  landbueh  der  Kisen  und  StahlgieflSFrei,"'  P- 

2  Not  detenu ined. 
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The  difference  in  total  carbon  content  between  the  white  and 
the  gray  part  is  noticeable  in  all  these  castings.  Ledebur  does 
not  give  the  percentage  of  graphite.  In  the  wheel,  the  man- 
ganese content  is  greater  in  the  white  part  while  in  the  armor 
the  percentage  of  silicon  in  the  gray  part  is  considerably  higher 
than  in  the  white  zone. 

Davis1  has  described  a  curious  chilled  casting.  He  found  in  a 
casting  that  the  outer  surface  was  of  gray  iron  while  the  core 
was  made  of  white  iron,  a  statement  which  is  confirmed  by  the 
following  analyses. 

TABLE  17. — ANALYSES  OP  A  CHILLED  CASTING 


Analysis  of  tin- 

Outer  gray  part,  per  cent. 

Inner  white  part,  p«-r  rout. 

Silicon  
Sulfur  

2.61 
0.106 

0.60 
0.36 

1  3.40  (much  graphite) 

3.16 
0.102 
0.74 
0.19 
0.25 
3.04 

I'hosphorus.      .              .  . 

Manganese  

Graphitic  carbon  
Combined  carbon  .  . 

In  addition  to  the  striking  distribution  of  the  graphite,2  the 
marked  differences  in  the  manganese  and  silicon  content  are 
noticeable.  While  the  outer  gray  part  is  richer  in  manganese, 
the  inner  white  zone  is  richer  in  silicon  and  phosphorus. 

7.  Influence  of  Heating  on  the  Chemical  Composition  of  White 
Iron.  Annealing,  Malleableizing. — If  white  pig  iron  is  held  for 
ji  long  time  at  a  temperature  above  700°  C.  (annealed),  a  decom- 
position of  the  iron  carbide  (cementite)  and  of  the  carbon-rich 

1  (leorge  C.  Davis,  "The  Iron  Age,"  78,  937. 

-This  phenomenon,  which  is  only  partially  understood,  is  nm\  -believed  to 
be  due  to  the  pressure  of  the  outer,  already  hard  layer  on  the  metal  in- 
side. Because  of  this  pressure,  the  graphite  separation  on  the  interior  of 
the  casting  is  prevented  by  the  inability  of  the  metal  to  expand  to  the 
extent  necessary  to  allow  graphite  to  form.  A  castinir.  hard  on  the  inside, 
can  occur  only  in  a  high  silicon  iron. 

Whether  this  explanation  is  correct  or  whether  a  seeding  out  action  (due 
perhaps  to  the  graphite  of  the  mold)  plays  a  part  in  the  formation  is  still 
an  open  question. 


WHITE  IRON,  PERRO-MAMANBSB,  ETC. 


|| 


solid  solution  (martcnsite)  takes 
bon)  and  iron  (ferrite)  separate  out 

This  decomposition 
does  not  take  place  uni- 
formly throughout  the 
entire  mass  of  the  cast- 
ings, but  starts  at  indi- 
vidual  centers  and 
spreads  out  from  them. 
In  this  process,  the  re- 
moval of  the  carbon 
(black  heart)  is  not  in- 
tended, but'  merely  a 
change  of  the  combined 
carbon  into  temper-car- 
bon. To  what  extent 
the  desired  result  is  ob- 
tained can  be  shown 
much  more  quickly  and 

M-l 


place.     Carlxm  (temper  car- 
lf-366 


Fia.  40. — Malleable  casting. 


Fio.  39. — Annenletl  malleable  caat  iron. 


surely  by  metallography 
than  by  chemical  analysis. 
Fig.  39  shows  the  effect  of 
heating  a  piece  of  white 
pig  iron  for  108  hr.  in 
wood  charcoal.  Large 
masses  of  temper  carlxm 
are  imbedded  in  the  ferrite 
and  in  addition  cementito 
and  |>earlite  are  present. 

If  the  heating  takes  place 
in  an  atmosphere  rich  in 
oxygen  (malleableizing),  a 
simultaneous  decarlx>niza- 
tion  takes  place  at  the  sur- 
face and  gradually  works 
in  toward  the  center.  Fig. 
40  shows  a  casting  treated 
in  this  way.  It  shows  three 
distinct  layers  or  zones  with 
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varying  carbon  content :  (a)  a  zone  at  the  outside  edges  which 
is  low  in  carbon  (Fig.  41) ;  (6)  a  transition  zone  richer  in  carbon 


M  =  200 


Border 
zone  a 


Fransiticm 


(Fig.  41);  (c)  a  zone  at  the  ci-nter  \vheiv  temper  r;irl>nn  has  de- 
P<»itcd(Fig.  42). 


\VIUT I.    UtU\,  PI  1\ /•:>/•;. 


An  average  analysis  ix  of  no  value  in  thin  case  at  it  tolls  not  h- 
in-j  •>!'  ili.-  \\.-iy  in  which  the  carlxjn  w  distributed.  It  it*  beat  in 
all  <-Hsrs  \\li.-iv  an  uimealed  piece  is  to  be  analyieci,  to  have  the 
chemical  analysis  preceded  by  a  metallographic  examination. 
Thr  chrmic.-il  analysis  of  the  malleable  casting  shown  in  Fig.  40 
gave  the  following  vahn •-: 

TABLE  18.— ANALYHW  or  A  MALLEAULK  CASTING 


Sample*   for   nnnlynw   Uken 

Sample*  far  •••lipli  ukm 
from  the  outer  Md  (r 

from  (he  «-or«-  r.     (See  Fl*». 
40.  41.  and  42.)     Percent. 

traiutttioa    MMMI   •  and   fc. 
OM  Up.  401  41   and  42  ) 

;' 

Total  carbon  

3.48 

1.40 

Temper  earUm  

•j  r,n 

(1     -Mi 

Combined  rarbon  

(I     S.S 

0  49 

Silicon  

0.65 

<i  .,,, 

Manganese                   ..... 

0  04 

0  04 

Phosphorus 

0  083 

0  085 

Sulfur  

0.220 

0.224 

Conner 

0.21 

0.22 

Nickel  

0  05 

0  05 

Many  analyses  indicating  the  separation  of  temper  carbon 
have  been  published.  In  addition  to  the  length  of  heating  and 
the  temperature,  the  chemical  composition  also  has  its  influence 
on  the  separation  of  temper  carbon.  Silicon  favors  while  man- 
ganese hinders  its  formation.2 

TABLE  19.— ANALYSES  BY  G.  CHARPY  AND  L.  GKBNBT 


-     No.' 

Carbon, 

per  r«-ni 

Silicon, 
[>•  r  cent. 

Miinganeee, 
per  cent. 

Sulfur, 
per  rent. 

Pho.Phoru». 
per  eent. 

1 

3.60 

0.07 

0  «.:; 

0.01 

trace* 

2 

3.40 

0.27 

traces 

0  02 

.1    UJ 

3 

:{  •_>:,              o  so 

traces 

0  02 

u  «..; 

4 

3.20               1   ->.•» 

0.12 

001               001 

5 

3.30               2.10 

0  12 

0  02 

0  01 

1  The  two  outer  zones  were  planed  off  ami  analyzed  together.     If  the  thin 
outer  zone  had  been  planed  off  and  analyzed  separately  the  differences  would 
have  been  much  greater. 

2  Stahl  u.  Eisen.  1902,  813.    cf.  G.  Charpy  and  L.  Grcnet,  Bulletin  dc  la 
soci6t6  d'^ncourageiucnt  pour  1'industrie  nationale,  1902,  399. 

8  Samples  1  to  4  were  originally  free  from  graphite.    Sample  5  had  0.2 
per  cent,  graphite. 
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Five  different  kinds  of  white  iron  of  the  composition  shown  in 
Table  19  were  heated  for  4  hr.  at  different  temperatures.  The 
percentages  of  temper  carbon  and  combined  carbon  after  the 
healing  were  as  follows: 

TABLE  20. — ANALYSES  BY  G.  CHARPY  AND  GRENET 

Heated  4  hr.  at 


• 

\<l 

11 

00° 

100C 

0 

9(X 

>° 

7<X 

>° 

'IYll>p<T 

carbon 

Com- 
bined 
carbon 

Temper 
carbon 

Com- 
bined 
carbon 

Temper 
carbon 

Com- 
bined 
carbon 

Temper 
carbon 

Com- 
bined 

carbon 

1 

1     1.") 

74 

1    03 

1    74 

1   87 

0  43 

2 

1.26 

.93 

1.00 

1.62 

3 
4 

1.61 
2.10 

.26 
.02 

1.60 
2.20 

1.52 
0.98 

1.67 
2.32 

1.17 
0.90 

2.56 

0.38 

5 

2.18 

.00 

2.10 

0.93 

2.33 

0.90 

2.67 

0.28 

In  most  of  the  samples  there  is  a  marked  decrease  in  the  total 
carbon.  This  means  that  in  addition  to  the  separation  of  temper 
carbon  there  is  a  decided  combustion  of  the  carbon  especially 
noticeable  on  the  surface  of  the  sample.  The  core  will,  therefore, 
be  considerably  richer  in  carbon  as  is  shown  by  the  analyses. 
The  above  example  illustrates  the  fact  that  in  many  cases  the 
chemical  analysis  alone  is  not  enough  to  explain  the  chemical 
changes  taking  place  in  the  material. 

The  following  analyses  by  Wust1  show  very  clearly  the  marked 
difference  in  carbon  content  between  the  edge  and  the  center. 

Two  rods  of  white  iron  (10  mm.  in  diameter)  were  imbedded  in 
iron  oxide.  Rod  X  was  heated  for  110  hr.  at  940°,  rod  VII  was 
h<-ated  for  21  hr.  at  9(>0°.  The  analyses  were: 

TAMLK  21 


H<.«!  X 


Koil  VII 


per  rent 

<  'enter, 

per    rent. 

KdKP. 

per    rent. 

(Vntrr. 

• 

Total  ra 

rln.ii 

1.07 

•;  «.s 

Total  carbon  

2.02 

3.97 

Temper 
Combim 

carbon 

•<I  carbon. 

0  L'l 
n  B6 

()   1-J 

Temper  carbon  .... 
(  'omhinnl  carbon.  . 

1    ">  1 
0.48 

3.50 

(>    17 

\Ietalluniii-.  1908.  '.». 


u /////,  IKOX,  i  Kltltu  M  \  vr,  i  I  /. 


The  <.iimn.il  -pecim.-!!  contained  1.17  INT  ••••iii.  total  farlxm  and 
only  traces  of  graphite. 

When  the  besting  fa  dona  with  coke  or  c.»al,  the*  Hulfur  content 

usually  increase-  hecau-e  of  tin-  -ulfur  in  tin*  heating  material. 
This  increase  tak<->  plan-  only  in  tin*  outer  layer.  The  per- 
centages of  maniMiM--e,  silicon  ami  phosphorus  generally  Htay 
unchanged.  The  following  analyses  by  Davenport1  »how  the 

l.rhavi..!   very  clearly. 

TABLE  22 


III.  -Ill 

Carbon 

pbonn 

SuHur 

Urf.irr  ln-atilin 

:i    H 

ii    11 

..  ,;i 

0.53 

0  059 

AftiT  olif  hrat 

1    .11 

0.44 

.»  .;j 

M  n 

,,  ,„,: 

At't.T  t\v.»  ln-at- 

n   in 

n   1.1 

(»  81 

..  .iv; 

Second  cxpi-riiiirnt  : 

Before  lit'al  in^ 

:;   »s 

II    .Is 

(1    L's 

II      .IS 

0  10 

AfUT  one  heat 

(»   i:; 

u  r.i 

0.20 

0  61 

o  n 

After  two  heats  

0.10 

0.61 

u  M 

0  57 

0  16 

.,;: 


!      f 


^ 


r-n 


The  increase  in  sulfur  content  is  easily 

As  average  analyses  are  given  in 
the  table,  the  ditTerences  in  sulfur 
content  between  the  surface  and  tin- 
interior  are  not  shown. 

In  the  case  of  large  pieces,  if  the 
heating  temperature  is  not  the  same 
in  all  places  or  if  the  piece  is  not  in 
good  contact  with  the  malleablei/ing 
agent  (e.g.,  ferric  oxide)  at  all  points. 
it  may  happen  that  some  places 
are  only  partly  malleablei/cd  or  not 
malleablei/ed  at  all.  White,  hard 
spots  are  left  in  the  casting  which 
become  unpleasantly  noticeable  when 
the  piece  is  machined  or  in  later  u 
This  condition  is  sometimes  found  in  an  incompletely  am. 
wheel.  In  one  spot  it  may  show  the  characteristics  of  white 

1  R.  Davenport,  Dinglers  polvt.  J,  urnal,  207,  51. 
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iron  (see  Fig.  10)  while  in  all  other  parts  of  the  casting  then-  is 
plenty  of  temper  carbon.     (See  Fig.  8.) 

Tempering  is  often  produced  unintentionally.  Wiist1  de- 
scribes an  interesting  case  of  this  accidental  annealing.  A  gas 
retort  of  white  iron  (Fig.  43)  was  exposed  for  a  long  time  to  the 
action  of  furnace  gases.  The  samples  taken  at  the  points 
marked  1  to  4  gave  the  following  values: 

TABLE  23 


Samples  t 

aken  at 

1 
Per  cent. 

2 

Per  cent. 

3 

Per  o«-nt. 

4 
IVr  c.-nt. 

Total  carbon                                 

3.39 

3.33 

3  04 

0  50 

Graphite  and  temper  carbon 

0  48 

1  05 

2  10 

0  47 

Combined  carbon                 

2.91 

2.28 

0  94 

0  03 

Silicon 

0  73 

0  70 

0  66 

0  49 

Manganese                      

0.48 

0.46 

0  44 

0  39 

Phosphorus 

0.081 

0  074 

0  073 

0  079 

Sulfur  

0.128 

0.159 

0.230 

0.498 

Oxygen                                           

0.05 

0.12 

0  35 

0  75 

The  shavings  taken  at  1  correspond  to  the  original  composi- 
tion of  the  iron.  A  decided  change  in  the  chemical  composi- 
tion has  been  produced  by  the  malleableizing  effect  of  the  flue 
gas.  The  greatest  change  has  taken  place  at  the  bottom  of  the 
retort  which  was  most  directly  exposed  to  the  action  of  the  hot 
gas.  The  total  carbon  grows  less  as  the  bottom  is  approached 
and  the  relative  amount  of  temper  carbon  iin  he  silicon 

content  grows  steadily  smaller  and  there  is  an  increase  in  both 
the  sulfur  and  oxygen. 

The  effect  of  having  an  untrained  workman  take  samples  at 
random  from  the  retort  just  described  and  sending  them  to 
different  laboratories  for  a  report  on  the  composition  of  the  re- 
tort material  can  be  imagined.  The  result  would  be  a  sen 
analyses  which  would  have  no  apparent  connection  with  one 
another.  Metallographic  examination  shows  at  once  the  reason 
for  the  varying  results. 


I 


,  Stahl  u.  Kisrn.  1903,  1136. 


CHAPTER  VIII 
GRAY  CAST  IRON 

1.  Sampling  Gray  Iron. — In  this  case,  as  in  all  others  where  a 
rutting  tool  can  IK*  used,  the  whole  cross-section1  should  IN*  planed 
down  to  get  an  average  sample  for  analysis.  Borings  should 
not  be  used. 

1  hiring  the  planing  and  collecting  of  the  sample,  the  prer.-ui- 
tions  mentioned  in  Chapter  VI,  p.  35, 
should    all    be  observed  or    there  is 
likely  to  be  a  large  loss  of  graphite. 

For  the  analysis  of  a  single  pit 
a    pig    for    example,    approximately 
equal   quantities  of  shavings  should 

be  taken  from  different  places  (marked  1,  2  and  3  in  Fig.  44) 
and  then  combined  to  make  an  average  sample. 

Shavings  from  dark  gray  iron  are  never  of  equal  size.  On 
planing,  :i  coarse  part  I  and  a  finer  part  II  are  always  formed. 

The  finer  part  II  also  contains  the  graphite  plates  torn  out 
by  the  plane.  If  the  shavings  are  shaken  for  a  long  time  in  a 
glass  bottle,  it  is  usually  possible  to  separate  a  .still  finer  part  which 
is  much  richer  in  carbon  than  either  of  the  other  two.  After 
the  sample  bottles  have  been  filled  with  the  shavings  and  allowed 
to  stand  for  some  time,  the  three  grades  of  material  separate  of 
their  own  accord.  The  coarsest  shavings  stay  at  the  top,  the 
next  coarser  are  below  in  the  bottle,  and  at  the  bottom  are 
found  the  finest  particles  which  are  rich  in  graphite. 

Even  if  the  contents  of  the  bottle  are  thoroughly  mixed,  it  is 
difficult  to  get  a  correct  average  sample  for  analysis.  For  exact 
work,  as  in  an  umpire  analysis,  it  is  always  necessary  in  this 
case  to  divide  the  sample  by  sifting  it  into  two  or  three  portions, 
each  part  to  have  material  of  the  same  size.  The  weight  of 
each  portion  is  then  taken  and  the  final  sample  for  analysis  is  pre- 
pared by  mixing  together  some  of  each  sample  in  the  proper 

1  Exceptions  to  this  rule  will  IHJ  mentioned  later. 

BQ 
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proportion  by  weight.     The  method  is  best  shown  by  the  follow- 
ing example. 

The  total  weight  of  shavings  made  by  the  plane  was  693  g. 
By  means  of  sieves  this  material  was  subdivided  into  parts  I, 
II  and  III 

I  coarse  part  =  a  grams  (469  g.) 

II  middle  size  =  ft  grams  (193  g.) 

Ill  finest  part  =  7  grams    (31  g.) 

To  got  a  1  g.  sample  the  weighing  should  be  as  follows: 


/ 


Of  I  = 
Of  II  = 
Of  III  = 


0.6768  g. 


0.2785  g. 


^p-  =  0.0447  g. 


FIG.  45. 


_  p    The  three  parts  should  then  be  com- 
bined to  make  a  single  sample. 

The  brass  sieve  shown  in  Fig.  45  is 
well  adapted  for  this  use.  The  upper 
cover  must  fit  tightly  in  order  to  avoid 
any  possible  loss  of  the  finest  part  as 
dust.  Sieves  with  80  and  120  meshes 
to  the  linear  inch  suffice  for  all  analytical  work. 

How  different  the  chemical  composition  of  the  different  parts 
c:in  bo,  especially  in  the  percentage  of  total  carbon  and  graphite, 
is  shown  by  the  following  examples. 

Example  1. — From  a  square  bar  (130  X  130  mm.)  of  dark  gray 
casl  iron,  189  g.  were  taken  by  planing  over  the  entire  cross- 
section. 

After  sifting  through  an  80-mesh  sieve  there  were  obtained: 

173  g.  of  coarse  I 
16  g.  of  fine  II1 

1  Part  II  showed  a  distinct  tendency  to  separate  on  shaking.  The  shiny 
black  graphite  plates  collected  on  the  surface  and  were  readily  distinguished 
from  the  gray  iron.  A  second,  finer  sieve  ought  to  havo  been  used  in  this 
case  because  the  separate  graphite  determinations  varied  from  12.64  to 
10.68,  a  deviation  which  could  only  be  due  to  segregation. 


CAS'l 

The  analyses  are  given  in  the  following  table: 
TABLE  24.— DARK  (}RAY  CAHT  IRON 
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In 

DOWN    |':»rt. 

per  r.M.t 

ii 

In 
fine  part. 

,„.,  ,•,.„« 

Average  rnui|»»itUNI  olMUnnle 
M  calruUiiMi  from  1  »».!  II' 
per  emi. 

Total  car  1»)  11 

.,    ,-,., 

11  66 

810 

Graphite 

2  38 

10  91 

31(1 

Combined  carbon  
Silicon 

0.24 

"    t  1 

0  75 
2  27 

o  n 

.  .  > 

Phosphorus  
Sulfur  

o  :,i 

I)    (IS 

0  .56 
0.073 

0.515 
0.070 

Example  2. — The  differences  are  even  more  clearly  shown 
in  this  second  case  in  which  three  parts  were  separated.  Plan- 
ing over  the  cross-section  of  a  pig  of  Swedish  gray  iron  gave  693  g. 
of  shavings.  After  passing  through  an  80-  and  a  120-mesh 
sieve  there  were  obtained: 

I  =  469  g.  coarse  particles 
II  =  193  g.  medium  particles 
III  =    31  g.  fine  particles 

Analysis  of  the  three  parts  gave: 

TABLE  25. — DARK  GRAY  IRON 


In  coarse 
part, 
per  cent. 

II 

In  m.'iluim 
part, 
per  cent. 

III 

In  fine 
part, 
per  cent. 

Average  composition  of 
the  pig  a*  calculated 
from  I,  II  nn.l  III. 
per  cent. 

Total  carbon  

3.53 

4.04 

22.0 

4.50 

Graphite  . 

2.12 

2  53 

20.94 

3.07 

Combined  carbon... 
Silicon  . 

1.41 
0  81 

1.51 

(i  s:; 

1.06 
0.76 

1.43 
0.80 

Phosphorus  

0.051 

0.044 

0.030 

0.048 

Sulfur.  . 

0.017 

0.014 

0.013 

0.016 

1  The  method  of  calculation  is: 

Ol 


MI 


I  +11 

where  a  is  the  per  cent,  found  in  part  I  and  h  the  IMT  ivnt.  found  in  part  II. 

For  the  calculation,  then,  of  total  carbon   in   thr  t:tl»l«-.  the  method  b 

2.62  X  173+  11.66  X  16 


IS'.) 


—  3.39  per  <••  -nt. 
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The  differences  in  the  graphite  and  total  carbon  content 
are  considerably  greater  in  this  case  than  in  the  former  one. 

Finally  the  total  carbon  and  graphite  were  determined  in  a 
1  g.  sample  (taken  with  reference  to  the  weight  of  the  separate 
parts  as  explained  on  p.  60).  The  values  found  were: 

Total  carbon 4 . 43  per  cent. 

Graphite 3.03  per  cent. 

Calculated  combined  carbon 1 .40  per  cent. 

These  values  agree  well  with  the  results  calculated  in  Table  25. 
These  studies  show  that  in  working  with  iron  which  is  rich  in 
graphite,  the  analyst  must  take  every  possible  precaution  not 
only  in  taking  the  sample  but  also  in  the  final  weighing;  other- 
wise incorrect  results  are  likely  to  be  obtained. 

2.  Inequalities  in  the  Chemical  Composition  of  Gray  Iron, 
Etc. — If  the  shavings  to  be  used  for  the  average  analysis  are 

^  taken  from   a  single  place  instead   of 

*>&        ~4--£     fr°m  the  whole  cross-section,  the  in- 
\  ^        ILL.:1?     equalities   in   the   composition   of   the 

s     \          ^-      mL-:*    casting  have  an  effect  upon  results  ob- 
§      V         <^      !„]__.?    tained  by  analysis.     Sampling  by  Unr- 
ip    ^._._J — :?    ing  is  also  unsatisfactory  if  an  accurate 
y     .Ai-L.-jL — i-    average  analysis  is  to  be  made,  as  with 
inhomogeneous  material  the  sample  can 
be  affected  materially  by  the  depth  of 
the  boring.     The  following  example  will  show  that  very  con- 
siderable differences  in  composition  may  exist  between  different 
points  on  the  cross-section. 

Borings  were  taken  from  a  pig  of  basic  Bessemer  iron  at 
points  20  mm.  apart  as  shown  in  Fig.  46.  Determinations  of 
manganese  and  phosphorus  in  the  borings  gave  the  values  shown 
in  Table  26. l 

The  percentage  of  manganese  and  of  phosphorus  is  different 
at  each  point  on  the  surface  of  the  pig. 

Three  pi^s  I.  II  and  III  were  taken,  the  first  from  one  end  of 
the  Led,  the  second  from  the  middle  and  the  third  from  the 
other  end  of  the  bod.  Three  samples  were  taken  from  each  pig, 


FIG.  46. 


From  ('.  Itcinliunlt,  Krprrtnrium  <\.  :m:il.  ('In-ill.,  49,  7  I  \. 


QRA1    CA81    IBOh 

TAJILK  26 


Sample  taken  at 

MancMMw                                  IM,,-phoru» 

a 

2  91 

b 

:i  ll 

J    u 

c 

3.22 

d 

3  11 

e 

3.06 

f 

3.17 

_•  66 

.-it  the  points  marked  u.  M  ami  ['  in  Kig.  47. 
of  total  carbon  as  follow- 


Tabary1  found  tho 


Borinm  taken  at 


Total  carbon  in  pic 


INT  r,.|,t 

II 

Percent. 

II! 
P.  •     •  •  • 

O—  top.. 

3.53 

3.55          3  44 

M  —  center  

3.55 

3.55 

U  —  bottom 

.    .      3.01 

M   n         3  40 

percentage  of  carbon  is  greatest  in  the  .-enter   and  least 
at  the  bottom  of  the  pi^;. 

A  pig  of  dark  gray  iron  from  Bilbao  studied 
by  Ledebur,2  was  quite  different  in  its  com- 
position. It  contained  less  total  carbon  in 
the  core  than  outside,  and  in  the  center  where 
the  graphite  formation  is  generally  greatest, 
t  hen?  was  less  carbon  than  in  the  outer  layer. 
The  core  was  fine-grained  and  light,  while  the 
edge  was  coarse-grained  and  dark  gray. 
Table  28  gives  the  analytical  data.  Graphite  determinations 
were  not  made. 

1  P.  Tabary,  Stahl  u.  Eisen,  1894,  1075. 

1  A.  Ledebur,     I  lamlbm -h  <lrr  I  !isen-  und  Stahlgiesserei."     Leipzig,  1901, 
p.  33. 
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TABLE  28. — ANALYSIS  BY  LEDEBUR 


Fracture 

Total 
rarbon 

Bffletn 

Manganese 

Phosphoric 

Sulfur 

Out-      f  coarse-grained  \ 
side      1  dark  gray          / 

3.87 

3.65 

1.58 

0.02 

0.03 

J  fine-grained  \ 
Inside  <  . 
1  light  gray      J 

3.41 

3.68 

1.32 

0.01 

0.02 

Adammor1  studied  a  hematite  pig  and  found: 

TABLE  29 


:    Total  rnrlx.n 

Silic-on 

M;um:m.  -(. 

Phosphorus 

Sulfur 

Ton 

:*  x<> 

1.74 

1.01 

0.033 

0.1  Hi 

Bottom  

3.71 

1.74 

0.99 

O.CW1 

0.081 

( 'arbon  and  sulfur  are  liigher  at  the  top  of  the  pig. 

If  differences  of  such  magnitude  occur  in  the  cross-section  of  a 
piece  with  so  small  an  area  as  a  pig,  it  is  easy  to  see  how  great  the 
differences  can  be  in  a  large  casting.  That  this  is  really  the  case 
has  been  shown  by  numerous  analyses. 

Two  tables  showing  analyses  made  by  Adammer  on  largo 
castings  will  be  given: 

The  first  case  was  a  steam  chest  weighing  8000  lb.,  of  which 
the  walls  were  from  %  to  1  in.  thick,  1%  in.  thick  in  the  hope 
and  2%  in.  thick  at  the  flanges.  The  cylinder  was  cast  with- 
out discarding  the  head.  The  chemical  composition  was: 

TABLE  30 


Total 


Silicon          Man 


Phosphorus  Sulfur 


In  tin-  l:i.l.' 

1.81 

o  xr, 

0.37 

0.072 

I'ppiT    fl.-III'J 

:*  :M 

1.45 

0.73 

0.46 

0.144 

I/.wrr  fL-m-                   ::  •_".»               1  .'2'2              0.65 

0.36 

0.101 

The  porcont.ago  of  all  constituents  is  highor  in  the  upper  flange 
t  han  in  t  he  lower  one. 

The  second  case  was  a  hollow  beam  weighing  about  15,400  11>. 

1    II.    A.hi.niiMT.  St:.l,|   ii.    Kisrn.  22,  B9& 


OB  i  >    •    LSI    //;o\ 


and    having   walU  ,')7S  in.  thick.      The  roHtillx  \va>  ,  -Millie 

top  of  I  hi*  beam.         \nal\ 

TUU.K  :M        As  \i.> -.».-»  in     \I.\\IM»  u 


Top 

(  Yliler 

:t  <r_» 
:t  0.1 

..  |fl 

ii   I*. 

0    I'»J 

n  142 

Bottom 

::    11 

ii  r,  ; 

n   ;•, 

0    nsil 

Tin-  most   markr.l  dilTcrrticc-  ;uv  iii  the  sulfur  content. 
Thai  sulfur  alwav-   has  the  temlrnry  In  rise  to  the  top  of  the 
is  shown  elearlv  in  the  fnllnwin^  analyses  furnished  by 


F. 

The  castings  ;ill  had  the  same  cylindrical  fnnn  and  \\einhi-d 
about  11,00011).  The  castings  were  made  upright  from  a  cupola 
furnace  without  a  fore-hearth  l>y  means  of  a  large  ladle.  Car- 
l)on  and  iH-aphitr  were  not  determined  and  nothing  is  stated 
witli  regard  to  the  method  of  taking  the  sample. 

TABLE  32.—  ANALYSES  HV  Wl'sr 


Lini 

I'Lirr  I'r.iin  whirli             Siln-Mii.         MntiganeBe.  i  . 
the  sample  wan  taken        JUT  i-i-nt.           pi-r  <  -rut 

Sulfur. 

( 

Top 

1    71               u   »is 

0  480 

o  112 

i 

Center 

17"            n  66 

o    IH7 

0.110 

1 

Bottom 

1.71 

o  U 

n    17.1 

0.077 

r 

Top 

1.49 

II  «,'.. 

o  rj-J 

0.21-' 

Center 

1    17            o  r,s 

o  rji 

0.208 

Bottom 

1.49             0.54 

0111 

f   Top 

1.44 

0.50 

..  DM 

3             <  'enter 

1    U 

u  :,l 

0.086 

I    Bottom 

1    i:; 

0.50 

n    i::7 

o  o:s 

(   Top 

II    <M, 

0  76 

0.210 

4         \    Center 

II    «Hi 

o  71 

i  i   i  :,i  i 

0   171 

Bottom 

0.97 

0  57 

u   ii.t 

0.100 

f   Top 

1.07             «»  -V.i 

n     IDS 

0.094 

5                Center 

1.07             0.59 

0    H-J 

0.005 

Bottom 

1    .is              t)  .17 

(i  n-t 

0.079 

1  1  .  \\  ust.  Stahl  u.  Eisen,  1903,  1077. 
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TABLE  32. — ANALYSIS  BY  WUST. — (Continued) 


Casting 

Place  from  which 
the  sample  was  taken 

Silicon, 
per  cent  . 

Manganese, 
per  cent. 

Phosphorus, 
per  cent. 

Sulfur, 
per  cent. 

f 

Top 

0.99 

0.71 

0.56 

0.110 

6 

Center 

0.97 

0.71 

0.48 

0.117 

I 

Bottom 

1.17 

0.71 

0.49 

0.099 

f 

Top 

1.40 

0.74 

0.47 

0.121 

7 

Center 

1.33 

0.82 

0.58 

0.115 

1 

Bottom 

1.24 

0.71 

0.48 

0.108 

Top 

1.02 

0.53 

0.411 

0.108 

8 

Center 

1.00 

0.52 

0.411 

0.112 

Bottom 

1.04 

0.53 

0.419 

0.104 

( 

Top 

1.51 

0.99 

0.535 

0.295 

9 

Center 

.51 

1.01 

0.545 

0.311 

Bottom 

.51 

0.86 

0.571 

0.175 

f 

Top 

.51 

0.79 

0.579 

0.210 

10 

Center 

.46 

0.89 

0.535 

0.304 

Bottom 

.43 

0.73 

0.569 

0.162 

Thomas  D.  West1  calls  special  attention  to  the  increase  in 
sulfur  in  the  upper  part  of  large  castings.  In  four  castings 
he  found: 

TABLE  33. 


Sulfur, 
per  cent. 

II 

Sulfur, 
per  cent. 

III 

Sulfur, 
per  cent. 

IV 
Sulfur, 
per  rent. 

Top  of  casting  

0.117 

0.115 

0.084 

0.055 

Bottom  of  casting  

0.083 

0.094 

0.070 

0.047 

Analyses  were  made  of  four  wheels  of  gray  iron,  two  samples 
taken  in  each  case,  one  from  the  center  of  the  hub  and  the 
second  from  the  rim.  The  results  were  as  follows:2 

Carbon  and  sulfur  were  not  determined.  The  differences 
between  the  hub  and  the  rim  are  p.-irt imlarly  noticeable  in  the 
silicon  content.  Some  of  the  differences  in  the  results  on  phos- 
phorus are  also  outside  the  limits  of  analytical  error. 

1  Thomas  D.  West,  "Metallurgy  of  Cast  Iron,"  1907. 

2  A.  Martens,  Stalil  u.  KIS.-M,  1894,  797. 


OR  \  }     <     !>/ 
TMU.I.  ."•!.     AN  M.ISKM  uv  MAKTKNH 


Silicon                               IMiiMphoriui 

M  nticaiMM 

Wheel 

Huh, 

Him. 

lluli.                    Kmi. 

Hub, 

Rim, 

per  ri-nt 

I..T  .•••in 

per  IM-I.  t 

per  cent. 

prr  rent. 

;,.    •       .    .    ;     • 

A 

0.72 

o  :,s 

0.284 

0.265 

0.23          0  21 

B 

i)  117 

0.62 

0.301 

0.287 

0  24 

0  21 

C 

o  «;:, 

0.52 

0.367 

0.360 

0  24 

0  21 

D               (»    is 

0.45 

0.266          0.2:><> 

0  33          0  32 

The  examples  given  above  show  that  the  taking  of  representa- 
tive samples  from  pigs  or  small  castings  can  be  done  only  by 
planing  over  the  entire  cross-sect  ion  (or  longitudinal  section) 
and  that  the  method  of  taking  samples  by  boring  at  one  place 
is  not  satisfactory  because  the  chemical  composition  can  differ 
so  materially  in  different  parts  of  a  small  specimen. 

With  large  castings,  where  the  taking  of  samples  from  the 
entire  cross-section  is  impossible,  or  where  the  borings  must  be 
taken  at  some  special  place,  the  analysis  should  not  be  reported 
as  an  average  value.  The  analyst  should  always  show  by  a 
sketch  where  and  how  (planing,  boring,  etc.),  the  sample  was 
taken.  This  precaution  is  absolutely  necessary  in  control  or 
umpire  analyses  and  its  neglect  may  cause  much  unnecessary 
misunderstanding. 

3.  Segregation  Phenomena  in  Molten  Cast  Iron. — If  a  definite 
chemical  composition  is  prescribed  for  a  large  casting  and  an 
average  analysis  is  required,  it  is  U-st  to  take  samples  during  the 
casting,  at  the  beginning,  in  the  middle  and  at  the  end  of  the 
pour.1  The  taking  of  a  single  sample  out  of  the  molten  metal  is 
not  satisfactory  as  there  is  a  certain  amount  of  segregation  even 
in  molten  iron.  Samples  are  taken  in  the  usual  way  by  planing 
t  he  \\hole  cross-section  of  each  of  t  he  t  hree  pieces  and  the  shavings 
combined  to  make  the  average  sample. - 

1  At  times  it  is  hetter  to  take  more  frequent  samples. 

*  The  total  cari>on  should  be  determined  in  this  sample.  The  determina- 
tion of  graphite  would  l>r  valueless,  as  the  amount  of  graphite  separating 
in  a  large  casting  is  quite  different  from  that  in  a  small  sample  from  the 
same  melt. 
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TABLE  35. — ANALYSES  BY   WUST 


Sample  No. 

Total 
carbon, 
per  cent. 

Silicon, 
per  cent. 

Manganese, 
per  cent. 

Phosphorus, 
per  cent. 

Sulfur, 
PIT  cent. 

1 

3.59 

2.00 

0.65 

0.88 

0.080 

2 

3  .  56             1  .  98 

0.62 

0.88 

0.078 

3 

3.47             2.01 

0.65             ()  xx 

0.085 

4 

3.53 

1.93 

0.68             0.84 

0.081 

5 

3.51 

2.03 

0.65 

0   xs 

0.083 

6 

3.56 

2.01 

0.70 

0.88 

0.085 

7 

3.67 

1.90 

0.68 

0.73 

0.080 

8 

3.53 

1.90 

0.70 

0.64 

0.088 

Average 
Greatest  devia- 
tion from  average 

3.56 
|    0.11 

1.97 
0.07 

0.67             0.83 
0.05             0.19 

0.083 
0.005 

In  per  cent. 


3.6 


7.1 


24.1 


TABLE  36. — ANALYSES  BY  WUST 


Average  devia- 

tiori  from  IIH-MM. 
In  per  cent. 


Sample  No. 

Total 
carbon, 
per  cent. 

Silicon, 
per  cent. 

Manganese, 
per  cent. 

Phosphorus, 
per  cent. 

Sulfur, 
per  <-i-nt. 

1 

3.11 

2.26 

0,58 

.168 

0.121 

2 

3.16 

2.27 

0.60 

.188 

0.123 

3 

3.19 

2.24 

0.65 

.203 

0.124 

4 

3.19 

2.25 

0.68 

.206 

0.122 

5 

3.16 

2.27 

0.58 

.207 

0.123 

6 

3.24 

2.25 

0.62 

.187 

0.123 

7 
8 

3.13 
3.12 

2.27 
2.25 

0.62 
0.63 

.203 
.197 

0.124 
0.122 

9 
10 

3.13 
3.15 

2.27 
2.24 

0.63 
0.59 

.218 
.206 

0.120 
0.110 

11 

3.19 

2.24 

0.63 

.185 

o  115 

12 

:i  10 

2.23 

0.61 

179 

0.11  1 

13 

3.18 

2.27 

0  r,.-, 

129 

0.113 

14 
15 

3.13 

:;   !_> 

2.20 
2  24 

0.64 
0.57 

.163 
.176 

0.118 
0.120 

Mr 

\ 

3   1»; 

2.25 

0.62 

.188 

0.119 

II     IIS 


0.05 
2.2 


i)  o 
8.1 


(i  O 
2.1 


0.009 
~  6 


QRA  }    <    i>/ 


Value-   arc   found    ill    thi-    Way    lli:it    cume    \.  |\     rlu-e   tn  t  h 

average  percentage-  as  the  following  analyse*  8ho\ 

Kxumitlf  1.  ('»."»( M)  ll>.  of  inm  wen-  .•..ll.-.-f.-d  j,,  the  forr- 
health  and  while  this  was  running  into  the  ladle,  -ample-  wen- 
taken  at  intervals  <.f  about  I  inin.  These  analy/ed  a*  shown 
ill  Table  36, 

Carbon,  silicon,  manganese  and  sulfur  show  but  slight  varia- 
tions. The  phosphorus  content  of  .-ample-  7  and  s  i-  quite 
different,  from  that  of  the  other  samples. 

Example  2. — Casting  and  sampling  as  U-fore. 

The  deviations  arc  smaller  here  than  in  the  tir-i  oaM  I  "it  n 
thclcss  show  the  tendency  of  cast  iron  in  the  liquid  form  to 
rate  into  layers. 

With  regard  to  the  formation  of  layers  in  the  ladle,  Adammer 
writes  as  follows: 

"During  the  casting  of  hard  cast  tubes  it  happened  frequently 
that  the  castings  were  of  different  hardness.  The  fir>t  tube- wen- 
too  soft,  the  middle  set  were  good  and  the  last  lot  much  too 
hard,  although  all  were  cast  from  the  same  ladle." 

Analysis  gave  the  following  vali. 

TAHLK  37 


Total 
carbon, 

IMT    i-»-in. 

Graphite. 

IMT    cent 

C<.!ll») 

•  •arlion. 

,,,T     r.-l.t 

Silii-im. 

|MT     r.-nt 

MUM- 

;MT     i-.-iil 

I'lum- 
pti4iru^. 

;,.  r      •  .  •    • 

Sulfur. 

First    iron    from 

3.82 

3.0 

0.82 

0.85 

0    M 

II     (»«» 

0.130 

la.llr  (first  tuho 

L-i-t     iron     from 

3.61 

•j  :;•_• 

1.29 

0.66 

0.73 

0.07 

.1   «ns 

l.-ullr  (final  tuh<>) 

A  segregation  in  the  case  of  total  carbon,  silicon,  inangane-e 
and  sulfur,  which  can  have  taken  place  only  in  the  molten  con- 
dition, is  unmistakable  here.  The  great  differences  in  the 
graphite  content  might  also  be  due  to  the  difference  in  the 
temperature  of  the  bath  at  the  beginning  and  end  of  the 
pour. 

4.  Formation  of  Globules  and  Nodules. — Globules  and  nodules 
occur  in  gray  iron  exactly  as  they  do  in  white  iron  and  with  a 

1  F.  Wiist,  Stahl  u.  Eison,  1903,  1077. 
-  II.  A.lammrr.  Stahl  u.  Kisrn.  1910,  S'JX. 
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composition  quite  different  from  that  of  the  matrix.  If  this 
fact  is  not  remembered  in  preparing  the  sample  for  analysis, 
results  may  be  obtained  which  differ  widely  without  any  apparent 
reason.  Ledebur1  studied  many  of  these  formations  inclosed 
in  the  matrix.  His  results  are  shown  in  the  table. 

TABLE  38 


Iron 

Sample 
taken 
from 

al  carbon 

d 

I 

j 

5 

I 

.z 

E 
1 

£ 

i 

3 

1 

•: 

1 

Dark  gray     f 
pig  iron        \ 

Matrix 
Nodules 

3.76 
2.86 

3.14 
3.15 

0.85 
0.93 

0.88 
0.82 

0.01 
0.02 

0.06 
0.05 

0.06 
0.13 

0.12 
0.16 

Dark  gray 

pig  iron 

Matrix 

3.45 

3.28 

1.03 

0.96 

0.01 

2 

2 

0.08 

from  West-  j 

Nodules 

2.67 

3.18 

1.05 

1.27 

0.01 

2 

2 

0.10 

phalia 

(  rray  foun-     1 
dry  iron         \ 

Matrix 
Nodules 

3.79 
3.11 

2.52 
2.22 

0.57 
0.70 

0.58 

2 

2 

2 
2 

2 
2 

2 
2 

Pl.-itz3  gives  the  following  analyses  of  globules  in  pig  iron  and 
in  castings: 

TABLE  39 


Iron 

Sample  taken  from 

Siliron 

Phosphorus         M:IIIK:III«-SC 

Matrix 

i  IT, 

(i  20 

0.78 

Large  and  small  globules 

0.63 

_•  87 

1    3(> 

Foundry  iron 

taken  at  random 

No.  4 

Large  globules 

(1  .is 

2.03 

1.27 

Small  globules  (from  the 

0    ti'J 

3.30 

1.48 

same  cav 

Matrix 

1   (.fJ             2.05             "   ~>\ 

Large  globules 

o  Mi             4.06             0.79 

Small  globules 

i)  so             c,  07             Q  M 

Casting 

Matrix 
Clobules 

1    -Jl 
(I    <>'2 

0  33 

1     1  1 

0.73 

Casting 

Matrix 

Globules 

o£ 

ii  :,:; 

1    tV2 

u  71 

1  Lrd.-bur  ••  Handburh  der  Bison-  und  Btahlgfonerei,  "  I'.tui.  P  :;;. 

t   determined. 

1  B.  Plata,  Stahl  u.  l-:i>en.  1887,  6 

'/AM  Y  CAST  IRON 
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These  liquated  globules  sometimes  occur  on  the  surface  of 

listings  ami  vary  in  size  from  that  of  flax  Heed  to  pea  size.     The 

r< imposition  is  in  all  roses  very  different  from  that  of  the  matrix. 

A  study  of  these  formations  found  on  the  surface  of  a  cast 

plate  was  made  by  Ledebur1  and  the  following  values  were  found: 

TABLB  40 


Matrix  (cast  plata) 

I 

Total  carbon  3.41 
Silicon  -J  ni 
Manganese  0  .  43 
Phosphorus  „  (  »    t  \ 
Sullur  IMIS 
Copper                         0  03 

3  07 
1  63 
0  42 

1    "s 

0  05 
0  01 

As  in  the  case  of  while  iron,  the  globules  formed  on  or  in  gray 
iron  are  very  high  in  phosphorus. 

In  the  analyses  by  Platz  (Table  39)  the  manganese  content 
was  also  higher  while  silicon  was  lower  than  in  the  matrix. 

6.  The  Formation  of  Crystals  and  of  Excrescences  in  Gray 
Iron. — A  pig  from  a  charcoal  blast-furnace  showed  a  large  swell- 
ing that  was  completely  filled  with  pine-tree  crystals.  The 
crystals  were  covered  with  a  white  coating.  The  chemical 
analysis  of  the  matrix,  the  crystals  and  the  white  coating  gave 
the  following  values: 

TABLK  41. — ANALYSKS  uv  LEDEBUR 


Matrix 


Crystals 


Cualinc 


Total  carbon  

3.11 

:i  -Js 

Silicon  
Sulphur  
Phosphorus  

1.85 
0.04 
Trace 

•  >  *  i  - 
'  ().             Practically 
Tr:t(.;.              pur,  silica 

Manganese  0.17 

0.09 

In  depressions  on  the  sides  of  the  pig.  never  on  the  top  surface 
but  always  where  the  pig  was  in  contact  with  the  sand  mold, 
ILe<lcl)iir,  "Handhuch  uVr  Kiscn-  unil  Strihltfirsaerei, "  p.  36. 
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mossy  or  asbestos-like  growths  of  a  yellowish-white  color  are 
sometimes  found.  The  analysis  of  the  matrix  and  of  the  ex- 
crescences is  given  by  Ledebur1  as  follows: 

TABLE  42 


Matrix, 
per  cent. 

Excrescence,  per  cent. 

Total  carbon                  

3   31 

Silica   . 

75  95 

Silicon  

3.27 

Titanic  acid  

.1.12 

Titanium                   ...        ... 

0.03 

Potassium  oxide 

1.80 

Manganese 

0  44 

Sulfur    

0.02 

Phosphorus 

1  13 

Ledebur  assumes,  as  a  possible  reason  for  the  formation  of 
these  excrescences,  the  existence  of  a  volatile  silicon  compound, 
probably  silicon  sulfide,  in  pig  iron.  As  soon  as  this  compound 
comes  in  contact  with  the  air,  the  sulfur  burns  to  sulfurous 
acid  and  the  silicon  forms  silicic  acid  which  deposits  on  the  colder 
walls  of  the  pig  or  in  the  cavities. 

6.  Separations  on  the  Surface  of  Gray  Iron. — The  formation  of 
"bugs"  when  molten  white  iron  is  allowed  to  stand  in  the  ladle 
(see  p.  43)  frequently  occurs  with  gray  iron. 

TABLE  43. — ANALYSES  BY  PLATZ 

Composition  of  the  "Hugs'' 


Foundry 
iron  No.  1, 

per  (•«•!!  i 

Foundry 
iron  No.  3, 
per  cent. 

Gray 
puddli 

per   cent. 

Fine  Drain- 
ed gray 
iron   with 
whitr  rim, 
per  . 

Motllrd 
iron. 

Silicic  anhydride  

Phosphoric  anhydride.  .  .  . 

M.-mganous  oxidi-     

32.43 
0.39 
13.01 

31.67 
0.64 
11.91 

29.42 

1.36 
11.23 

23.28 

2.02 
9.61 

20.46 
2.32 

s  «.I7 

The  corresponding  in.-itrix  mnt.-imi-d 


Silicon 

1 

67 

1 

41 

1 

16 

0 

98 

0 

86 

Phosphorus 

0 

28 

0. 

282 

0. 

29 

0 

L'X'.t 

0 

Manganese 

0 

96 

0 

'.•I 

0. 

78 

0 

72 

i) 

70 

The  Composition  of  the  "bugs"  is  quite  dinVrrnt  from  that  of 
1  A.  L<-d«-hur.  St.-ihl  11.  Kisrn.  1900. 


OR  i)    <    i>/ 
the  corresponding   matrix.   IUH   ihr  analyses   |»y   IMat/,1  given   in 

Table  i:;,  show. 

7.  Influence  of  the  Rate  of  Cooling  on  the  Amount  and  Kind  of 
Graphite  in  Cast  Iron. — The  irregularitir>  in  composition  which 
have  just  been  de>cribed  air  due  i..  l;i\  ,-r  formation  or  to  segrega- 
tion in  the  molten  condition  or  during  the  conling,  but  as  in  tin* 
case  of  white  iron  (p.  47)  the  amount  and  kind  of  graphite  whirh 
separate.-  in  gray  iron  depends  largely  <»n  the  rate  of  moling. 

Small  ca>tings  will  show  a  lower  graphite  content  and  a  different 
distribution  of  the  graphite  than  large  castings  made  from  the 
same  iron.  Kven  at  the  same  cross-sect  ion.  when  the  total 
carbon  is  uniform  throughout,  the  graphite  content  on  tin- 
outer  edge  of  the  easting,  where  the  cooling  is 
most  rapid,  is  often  less  than  in  the  center. 

Since  the  amount  and  kind  of  graphite  deter- 
mines in  a  large  measure  the  mechanical  prop- 
erties of  cast  iron,  it  is  often  necessary  to  make- 
analyses  of  different  parts  (edge,  cent- 

Where   the   determination  of  graphite  is  the 


•c 


Hlddl. 


principal  purpose  of  the  analysis,  it  is  better  not          j--,,..  is. 

to  take  the  sample  l>y  planing  or  boring  but  to 
cut  out  small  pieces   (sections  or  rubes)  as  shown   in   Fig.    Iv 
In  this  way  the  sources  of  error  in  sampling  and  weighing,  de- 
scribed in  detail  on  p.    "><),  are  eliminated  without  complicating 
the  analytical  work  in  any  way. 

The  following  example-  shows  the  effect  of  the  nature  of  the 
en  >— seet.ion  on  the  graphite  content. 

It  happens,  also,  particularly  with  bars  of  greater  cross-flec- 
tion, that  there  is  less  separation  of  graphite  at  the  corners  be- 
cause of  the  quicker  cooling  there. 

Bars  of  various  sizes  (J{6  in.  X  Jle  m-  to  6  in.  X  6  in.)  were 
cast  in  one  piece  as  shown  in  Fig.  -P.».  The  average  composition 
of  the  iron  used  was: 

Total  carbon 3.38  percent. 

Silimn .   2.51    prr 

Manganese .0.81    per  mit. 

Phosphorus .0.66   per  cent. 

Sulfur 0095  per  «vnt. 

1  B.  Platz,  Stahl  u.  Eisen,  1887,  639. 
»E.  Hryii.  Stahl  u.   l.ix-n.  1906,   L296 
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For  the  determination  of  graphite,  samples  were  taken  from 
the  middle  and  from  the  edges  as  shown  in  Fig.  48.  These 
samples  were  in  the  form  of  small  pieces  weighing  about  2  g. 
each.  The  results  are  given  in  the  following  table  and  shown 
graphically  in  Fig.  50. 


>j* 

<—  245—  > 

1$ 

€~—  195—  > 

8 

<i 

,5> 

- 

33 

<  'i 
i- 

». 

I 

38 
^35 

j 

<                                                                1720                                                               >      1 

FIG.  49. — Dimensions  in  millimeters.     Cf.  Table  44. 


TABLE  44. — ANALYSES  BY  E.  HEYN 


Center  of  bar 

Corner  of  bar 

Cross-section 

in  mm. 

Graphite     j                .^ 
Per  cent.        in  per  cent,  i     Per  cent. 

Graphite, 

per  rent,   of. 

graphite' 

of  total  car- 

graphite1 

in  total  car- 

bon 

bon 

I5fi    • 

155  (      6"  X  6"    ) 

3.  .00 

88.75 

2.68 

79  3 

130  X 

130  (5w" 

X  5>/'   ) 

3.00 

88.75 

2.68 

79.3 

105  X 

105  (4«" 

X  4M"  ) 

2.97 

87  9 

2.92 

si;  4 

85  X 

85    Ott" 

X  3?«"  ) 

3.06 

90.5 

2.95 

s7   -J 

65  X 

65    (2)6" 

X  2w"  ) 

3.03 

89.7 

2.85 

.si   5 

55  X 

55    (2Mo' 

X  2*,") 

•2  '.is 

88.2 

2  94 

sii  <) 

44  X 

44    (1     ' 

X  Ifi"  ) 

2.84 

84.0 

2.78 

82.2 

33  X 

33    (Hi." 

X  !»<.") 

2.77 

82.0 

77.5 

27  X 

27     (iMe" 

X  Hi.") 

7s   7 

2.55 

75.5 

22  X 

22    (  ji" 

X    Ji"  ) 

2.55           7:,  :.              -2  65 

16  X 

Hi    (  M" 

Xa^"  \ 
- 

7:,  :, 

71    s 

12  X 

12    (  jf." 

X    ?i«") 

2  50           71   0 

Sample    from    th< 

1  The  vnliu 

It-terminations. 


is  in  c;i«-h  c:»sc  an  average  of  from  two  to  five  separate 
determination  was  made  on  a  new  section. 


GRAY 


Table  44  and  Fig.  50  show  that  the  graphite  content  in  lowest 

in  the  c.-nter  of  the  thinneM  bars.  It  increase*  with  inrrruKiiiK 
cross-sect  ion  and  unt  il  a  maximum  i-  n-.u  dcd  at  2ajj  ill.  X  2%  in. 
Invest  ina!  ion  >eems  to  indicate  that  under  the  condition*  of  the 
experiment  i  casting  temperat  ure.  cooling  rate,  and  silicon  con- 


3.0 
3.4 

5« 

|  3.0 

5  2.8 
2.6 
2.4 
2.2 


• 


CroM-8rctiou  Kdfc  in  mm. 

FIG.  50. 


140 


" 


t 


£  36 


I 


tent   of  the  iron)  the   cross-sect  inn  2%  in.  X  2%  in.  is   large 

enough  to  allow  the  maximum  graphite  separation  in  the  core 

of  the  bar.     At  the  corners  of  the  hirger  bars,  where  the  rate  of 

cooling  is  considerably  greater  than  in  the  center,  the  graphite 

content  is  much  lower  than  in 

the  center.     With  the  small 

bars  where  Jihe  rate  of  cooling 

is    approximately    the   same 

throughout,  the  differences  in 

graphite  content  in  different 

parts  of  the  bar  disappear. 

That  accidents  also  have 
considerable  influence  on  the 
graphite  separation  at  the  cor- 
ners of  the  bars  is  shown  by 
the  fairly  wide  variations  in 
the  analytical  results. 

Not  only  the  amount  of  graphite  present  but  also  t  he  shape  and 
size  of  the  individual  graphite  plates  may  influence  the  physical 
properties  of  cast  iron.  Chemical  anal\  M-  uives  no  indication  <»t 
the  size  or  shape  of  the  graphite  plates  so  that  here  again  metallog- 
raphy must  come  to  the  aid  of  the  chemist  in  explaining  un- 


40    w    ao    100  m 

CroM  Section  K4fe  In  mm 

r«.i.  51. 
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RodKe'XKe" 


V/^vJ>^  i  '• 


~-C    j^-V-  *        ' Ji7 
^Y      "f.^ 


Rod  6*X6* 


Fio.  52.— Influence  of  thickness 


<;R.\\   i 
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Hod  O'XO1 


on  the  separation  of  gnipliite, 
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usual  conditions  such  as  the  differences  in  tensile  strength  of 
pieces  of  iron  of  identical  chemical  composition.  The  t runs- 
verse  strength  of  the  bar  shown  in  Fig.  49  is  given  in  Fig.  51. 

The  transverse  strength  is  greatest  in  the  bar  with  the  smallest 
cross-section.  This  decreases  with  increasing  graphite  content. 
In  castings  larger  than  2%  in.  X  2^  in.  (the  size  at  which  the 
graphite  content  reaches  its  maximum  and  beyond  which  there 
is  no  change)  there  is  a  clearly  marked  decrease  in  the  trans- 
verse strength  with  increasing  size.  Metallographic  study  ex- 
plains these  facts,  as  is  shown  in  Fig.  52.  The  linear  magnifica- 
tion is  the  same  in  all  cases  (117  diameters). 

The  photographs  show  very  clearly  that  with  increasing  cross- 
section  the  size  of  the  individual  graphite  crystals  increases. 


|  200 

3 


toe 


\ 


20  40  CO  80  100  120  140  160 

-  ThlckueiB  of  Bar  in  mm. 

FIG.  53. 

The  difference  between  the  bar  with  the  largest  cross-section 
and  the  bar  with  the  smallest  cross-section  is  very  marked.  It 
is,  of  course,  obvious  that  graphite  plates  of  the  length  and  size 
found  in  the  bar  with  the  largest  cross-section  would  break  up 
the  continuity  of  the  iron  and  so  tend  to  weaken  the  tensile 
strength. 

If  tho  number  of  graphite  plates  occurring  in  1  sq.  mm.  of 
surface  in  each  bar  is  determined  and  these  numbers  are 
plotted  as  ordinates  and  the  thirkne-ses  of  i  he  bars  are  used  u 
abscissa',  the  graphical  results  of  the  experiments  described  above 
are  >ho\vii  in  l-'ijr.  ~rt.  The  number  of  graphite  grains  i 
in  the  bars  with  the  smallest  cross-section  and  least  in  the 
largest  ones.  The  number  of  graphite  grains  is  greatest  at  the 
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•dgee  .'Hid  corner-  in  >pne  of  tin'  fact  that  tlio  total  graphite 

conn-iii  is  smallest  at  thor  points.  The  individual  graphite 
Crystals  must  be  smaller  in  ni€  in  tin-  >mall  rods  and  at  the 
corners  of  the  larger  ones  than  at  the  center  of  the  larger  hum. 
The  results  obtained  by  counting  the  individual  graphite  plates 
is  in  complete  agreement  with  the  result-  obtained  l»y  the 
metallographic  study. 

The  following  example  illustrate-  very  clearly  the  influence  of 
the  si/e  of  the  bar  on  the  graphite  content.  It  is  taken  from 
an  investigation  by  .Jiingst.1  Seven  round  bar>  from  ^(e  in.  to  2 
in.  in  diameter,  cast  at  the  same  time  from  a  mixture  with 
l.M  per  cent,  silicon,  ().~>~)  per  cent,  innngam-.-.  n.Tl'J  |MT 
Dent,  phosphorus,  and  O.O'.M)  per  cent,  sulfur  gave  the  following 

values: 

TMU.K    I.").      AN  \i.i  Bl  -   in    -li'v 


L'  in. 

p..  in. 

IH  in. 

9i.  in. 

IVr    i-i-ni 

Per  cent. 

IVr    ,-,.,„ 

Per  cent. 

P«    .,..- 

I'.r    ,-,.,„ 

IVr    MM 

Graphite  

i    2.95 

2.90 

2.82 

•_>M> 

•J    ...» 

2.60 

2.30 

(  \>ml>inrcl  carbon 
Total  carl  mil 

(»    f_» 
x  .  :i7 

0.50 

:;    ID 

0.60 

:;   i_> 

0.60 

:;    in 

0.72 
3  82 

0.78 
3.38 

0.99 
3.38 

M 

a.i 

8.2 

r 

fits 

*« 

2.4 

u 

**l 

Tot. 

Cart 

on 

\ 

Gt*« 

^ 

,  

^  " 

^^ 

^~ 

***** 

s 

Diameter  of  the  Oar  IB  mm. 

li.;.  54. 
1  Jiingst,  Stahl  u.  Kisrn,  1906,  j).  H:.. 
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The  graphite  content  decreases  regularly  with  increasing 
crass-section,  the  percentage  of  combined  carbon  increases  and 
the  percentage  of  total  carbon  stays  about  the  same.  (See  also 
Fig.  54.)  Jiingst's  results  do  not  show  any  marked  differences 

in  graphite  content  be- 
tween the  edges  and  the 
middle  of  the  specimen. 
The  arrangement,  num- 
ber and  size  of  the  graph- 
ite plates  is  markedly 
different  at  the  ed 
and  at  the  core  of  the 
specimens. 

The  following  ex- 
ample1 is  also  interest  - 
ing  as  it  shows  clearly 
that,  especially  with  gray 
iron,  the  chemical  analy- 
sis alone  often  fails  to  ex- 
plain unusual  behavior. 
Cast  iron  rich  in  sili- 
con (the  chemical  com- 
position is  given  below) 
was  cast  in  a  sand  mold 
fitted  with  an  iron  hot- 
torn  so  that  quenching 
experiments  could  l»e 
made.  The  mold  was 
open  at  the  top. 

The    fracture    of     the 
piece   showed   in    the  Up- 
per part  (see  l-'ig.  55)  a 
I  ,,,    55.  very  coarse  grain    with 

large     graphite      plate>; 

the  lower  part  of  the  specimen  showed  a  sudden  transition  from 
the  co.-irse  to  a  fine  structure  in  which  the  graphite  plates  were 
not  visible,  ('hemical  ;maly>is  of  the  upper  and  lower  parts 
gave  the  following  value>: 

»E.   Hryii.  Si.,1,1  u.   Ki>rn.   190T>,  p.   1- 
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In  upper  eoar«e-K' 
part,  per  cent. 

In  lower  fine-  grat  n  ml 
part,  per  em*. 

Total  carl  >«  HI 
(ir.-tphih-  

(  '(  >till>ilii'i  1    rar!  ii  in 

:;  i-j 
II  1  1 

3  51 

:{   II 
0  1') 

Phosphorus 

0   ()') 

Manganese.  .                       .  .  .  . 

1)     ''I 

II     <)| 

Silicon 

Sulfur.             .          

O.o.-.x 

0    ll.-.x 

The  chemical  composition  is  evidently  the  same  in  both  part- 
but  the  structure  is  decidedly  different.  The  upper  part  shows 
long  and  large  graph- 
ite leaves  (Fig.  56),  while 
in  the  lower  part  the 
graphite  is  in  a  finely 
divided  condition  (Fig. 
57).  The  graphite  par- 
ticles in  the  second  case 
are  arranged  in  the  usual 
eutectic  form  and  proba- 
bly correspond  to  a  true 
graphite  eutectic.  In 
spite  of  the  same  chem- 
ical composition  of  the  two 
parts,  the  mechanical 
properties  were  quite 
different. 

8.  Influence  of  Remelt- 
ing  on  the  Chemical 
Composition  of  Gray  Iron. — Just  as  in  the  case  of  white  iron  (p. 
44),  it  is  found  that  with  gray  iron  the  chemical  composition 
can  be  changed  materially  by  remelting,  the  extent  of  the 
change  depending  on  the  way  the  remelting  is  done. 

For  this  reason  the  analysis  of  the  original  material  from  which 
a  casting  is  made  may  give  only  an  approximate  idea  of  the  com- 
position of  the  casting. 

If  a  cupola  furnace   is   used,   t.he   mangane-e   i-    must    readily 


FIG.  56.— Upper  half. 
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oxidized  while  the  silicon,  if  the  manganese  is  still  high,  will  be 
affected  but  slightly.  With  high  manganese  content  an  increase 
in  silicon  may  occur,  due  to  the  reduction  of  the  slag. 

»c    ..-,,  The    silicon    does    not 

begin  to  burn  until  most 
of  the  manganese  has  been 
oxidized. 

Carbon  will  stand  a 
longer  heating  in  the 
cupola  furnace,  where  the 
iron  is  in  immediate  con- 
tact with  the  hot  coke 
from  which  carbon  can  be 
taken  as  fast  as  it  is  u>ed 
up,  than  in  the  reverl 
tory  furnace  where  oxida- 
tion takes  place  quickly. 
With  high  manganese,  the 
carbon  content  is  likely 

to  increase.     Sulfur  gener- 
FIG.  57. — Lower  half. 

ally  increases  due  to  the 

presence  of  sulfur  in  the  products  of  combustion,  while  the 
phosphorus  content  generally  changes  but  little.  These  fact>  are 
illustrated  by  the  following  analyses  taken  from  Ledebur's  "  Hand- 
buch  der  Eisen-  und  Stahlgiesserei :" 

TABLE  47. — ANALYSES  BY  LEDEBUR 
(Itemelting  in  a  Cupo!:i  Furnace) 


(Ir.-iy    j)i«   iron 
with  hurh  man- 
ganese 

(  MltrhnfTlUIIlK 

pig  iron,  No.  1 

Cnluicsa  pig 
iron,    No.   1 

tz    pi« 
iron 

Before, 

per  cent. 

Before, 

pi-r 

•  •••lit. 

After, 

p,r 

Before, 
pel 

After, 
cent. 

IMoro, 

After, 

Total  carbon  
Silicon 

i  68 

2  27 
3.67 

:      i 

i 

4.67 
2.44 

i 

\  i:, 
2.05 
0.77 
0.06 

i)  til 

3.49 
1  56 

0.12 
0.05 

<i  ra 

4.05 
1.27 

i)  M 
0.72 

3.49 
2.07 

i)  i»i 
0.07 

(i   s7 

1    17 
i  B2 

•J   ..s 
I)    (is 

0.33 

3.68 
1.33 

II   Its 
n    \7 

Manganese 

Copper 

Phi»splioru> 

Not    dctrriiiiiinl. 
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The   influence  of    re|  >ea  I  <  •«  I    l'i  'Hid  I  1  HLr,   especially    t  he   ilicre:ise  III 

sulfur,  is  shown  in  the  following  table. 

TABLE  48. — ANALYSI-.S  n\   LEDEBUR 


I'iu  ir..n 

Total 

rarlxm, 
P.T    ci-nt 

Cniplutr. 
pt-r    rent 

BUtooB, 

p.T    rcnl 

Manganese, 

per  rrn  t 

I'li»»pliuriii4,  |    Sulfur. 
PIT  i-i-iit.     'per   cent. 

Before  rmiclting.  . 

3.10 

2.35 

2.30 

2.00 

0.29 

0.06 

AfttT  (>I1C    liH'lt.  .  .  . 

8.83 

•_•  ;:; 

2.42 

1.09 

n   81 

0.04 

Alter  two  melts.  .  . 

3.32 

2.57 

2.29 

0.80 

0.82 

0  05 

After  t  liree  molts.  . 

:*  .  :«) 

•_>    is 

1.92 

0   till 

0.27 

0.05 

After  four  melts.  .  . 

3.34 

'_>  :,  1 

i   38 

0.44 

i)  30 

0.10 

After  live  melts.  .  . 

3.31 

2.16 

1   :;<> 

0.45             ii  30 

0.09 

After  six  melts  

3.34 

•Jos 

1.16 

<>  36 

1)    L>S 

0.20 

9.  Influence  of  Annealing  on  Gray  Iron. — Long  continued 
annealing  in  an  atmosphere  rich  in  oxygen  can  cause  marked 
changes  in  the  composition  of  gray  cast  iron,  especially  in  the 
carbon  content.1 

Two  gray  iron  castings  were  annealed  at  1000°  to  1050°,  one 
of  them  seven  times  and  the  other  eleven,  after  which  analyses 
were  made. 

TABLE  49. — ANALYSES  BY  WCST 

CastinK  1 


Original 
casting 
per  cent. 

After  seven 
heats, 
per)  cent 

Original 
casting 
per  cent. 

After  eleven 
heats, 
por(rent 

Total  carbon  
Graphite. 

3.66 
2  02 

0.10 
0  02 

3.74 
3  33 

0.28 

o  -js 

Silicon 

i  :.s 

1  70 

1   69 

1  45 

Maim                                           .  . 

0   7S 

0  68 

0  ti'i 

1)    ."if) 

Phosphorus 

0  267 

0  368 

0  Os'i 

0  062 

Sulfur  

0.157 

O.Tsl 

o.ooo 

0  315 

The  original  gray  iron,  rich  in  carbon,  has  been  changed  into 
malleable  iron.  The  high  sulfur  content  after  annealing  is 
particularly  sirikinu.  Unfortunately,  Wtist  does  not  state 
whether  the  increase  in  sulfur  was  chiefly  on  the  surface  or  whether 

it  extended  into  the  castim-;. 

1  F.  Wiist,  Stahl  u.  Kisen,  1885,  p.  471. 
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Platz1  has  also  given  some  analyses  in  his  paper  on  "The 
Chemical  Changes  Caused  by  Annealing  and  Tempering  Pig 
Iron." 

According  to  Platz  there  occurs,  in  addition  to  the  burning  of 
the  carbon,  a  segregation  and  slagging  of  the  phosphorus.  This 
is  not  at  all  impossible  as  the  ternary  eutectic  (solid  solution — 
carbide-phosphide)  begins  to  melt  at  950°  C. 

The  above  illustrations  show  that  the  sampling  of  castings 
for  chemical  analysis  should  always  be  preceded  by  a  metallo- 
graphical  examination  of  the  specimen  to  see  whether  or  not  it 
is  homogeneous. 

10.  Disintegration  of  Cast  Iron. — A  phenomenon  should  l>e 
mentioned  in  this  connection,  the  disregard  of  which  may  cause 
very  serious  analytical  errors. 

If  castings,  as,  for  example,  water  mains,  lie  for  years  in  con- 
tart  with  moist  earth  a  curious  decomposition  takes  place.  In 
some  places  the  pipe,  without  losing  its  form,  will  change  to  a 
dull  gray  mass  so  soft  that  it  can  be  cut  with  a  knife.  The  reason 
for  the  change  has  not  been  satisfactorily  explained.  Moisture 
seems  to  be  absolutely  necessary.  Whether  the  change  is  due 
chiefly  to  the  oxygen  content  of  the  earth  or  to  stray  electric 
currents  is  still  an  open  question. 

M.  JYeund-  analyzed  some  corroded  water  mains  with  the 
following  results: 

TABLE  50 


In  original  i-a.-tinu. 
per  cent. 

At  tin-  corroded  spots, 

JUT  cent 

Total  carbon 

2  5 

8  10 

Silicon 

•_>  r.c. 

9.3 

I'hi  »-;plii  >ru- 

1  9 

6  5 

Iron 

a 

46  Is 

Another    soft    mass    obtained    from  a    corroded   water   main 
contained: 

'Stnl.l  u.  l.i-.,,.  1886,  p.    171. 
M.   l-'reund,  /.  niiKrw.  Cliem.,  1904,  No.  2. 

1  Not  determined. 
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T  MM.K  51. — CORRODED  CAST  IRON 

IVr  cent.1 

Iron 49.4 

Manganese.  0    7 

Phosphorus 5.3  —  12. 15  phosphoric  acid 

Silicon 9.0  =  19.  1  I  silicic  ucid 

Carbon 8.5 

Sulfur..  0.37 


The  same  sort  of  decomposition  sometimes  takes  place  with 
castings  exposed  to  lient.  For  ex:imple,  the  outer  surfaces  of 
the  cast  iron  coils  of  a  hot  water  heater  which  had  been  exposed 
to  the  hot  gases  of  the  flame,  showed  places  soft  enough  to  be 
scraped  off  with  a  knife,  especially  at  the  threaded  joints.  The 
chemical  composition  of  the  soft  material  was  as  follows: 

TABLE  52. — DECOMPOSED  CAST  IRON 

Per  cent. 

Total  carbon 11 . 73 

Graphite 9.  77 

Phosphorus 0 .  89 

Sulfur  (total) 1.28 

Sulfur  as  sulf ate 0 .  49 

Silicon,  chiefly  as  SiO2 6 .  38 

Iron,  total  (almost  wholly  combined  with  oxygen)  39. 16 

Manganese 0 .  75 

Copper 0. 16 

Water  (loss  on  drying  at  120°) 9. 13 

Calcium,  magnesium  and  aluminium Traces 

Oxygen  and  water  of  hydration Remainder 

These  analyses  indicate  that  the  soft  masses  are  decomposi- 
tion products  of  cast  iron.  The  decomposition  may  take  place 
as  a  result  of  the  action  of  furnace  gases  (sulfurous  acid)  and 
of  moisture.  The  marked  corrosion  at  the  threaded  joints  was 
probably  due  to  leakage  of  water  at  those  points. 

Thomas  Steel2  calls  attention  to  a  similar  decomposition  of 
economizer  tubes.  He  found : 

1  The  iron  was  present  chiefly  as  oxide. 

'  Thomas  Steel,  J.  Soc.  Cheni.  Ind,  29,  1141  (1910). 
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T  \HI.I.  :..; 

In  unused  pipe 

(iraphite 2.70 

Combined  carbon 0.34 

Phosphorus 1 .25 

Sulphur 0.11 

S.licor...                                                           .  2.08 


In  the  uncorroded  part 
of  the  used  pipe 
2.41 
0.19 
1.28 
0.09 
1.90 


In  the  corroded  part  of  the  used  pipe    Per  cent. 

Ferric  oxide 37 . 86 

Ferrous  oxide 16.75 

Graphite 8.69 

Combined  carbon 0.0 

Phosphoric  acid 9. 48  =4. 14  phosphorus 

Sulfur 0.0 

Silicic  acid 13.30=6.21  silicon 

Moisture 13.34 

M  =  350 


58. — Decomposed  cast  iron. 

It   i<  not  icraNr  that  the  ^raphite  in  a  corroded  ca-iin<_:  is  usu- 
ally not  a  deep  black  l>ut  ^rav  or  Lrra yish-\vhite  in  color.1 
»See  O.  Krohnke,   Metallur^ie,  1910,  674. 
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I  iir.  .r)S  shows  a  badly  cnrmdrd  gray  cast  iron  magnified  to 
:;.">()  diameters.  The  graphite  leaves  appear  light  gray  in  con- 
trast t.o  1  he  dark  background. 

Nothing  more  will  he  -aid  of  the  possible  sources  of  error  in 
sampling  pig  iron  or  cast  iron  (white  or  gray).  These  sources 
are  numerous  and  if  the  sampling  is  not  done  intelligently 
very  serious  mistakes  can  he  made. 

If  the  director  of  the  laboratory  cannot  control  the  taking  of 
the  samples,  he  can  be  held  responsible  only  for  the  com-rt 
analyses  of  the  samples  submitted  and  cannot  guarantee  that  the 
analyses  show  what  they  ought  to  show.  He  cannot  state 
that  the  results  give  the  average  composition  of  a  pig  or  of  a 
casting,  that  they  show  the  disposition  of  the  different  con- 
stituents in  a  casting  or  whether  corrosion  or  other  harmful  in- 
fluence has  had  an  effect  on  the  material.  Metallography  is  of 
the  utmost  importance  and  assistance  in  answering  questions 
of  this  sort.  Properly  applied,  it  will  protect  the  analyst  from 
serious  errors. 
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INGOT  IRON  AND  MILD  STEEL 

1.  Taking  an  Average  Sample  from  the  Molten  Charge. — If 
it  is  a  question  of  getting  a  representative  sample  from  a  large 
heat,  it  is  safest  to  prepare  two  test  ingots  about  12  to  18  Ib.  in 
weight,  one  at  the  beginning  and  one  at  the  end  of  the  pour. 
\Vith  a  very  large  heat,  a  third  sample  taken  at  the  middle  of 
the  pour  is  advisable.  The  small  ingots  are  cut  through  the 
center  lengthwise  as  shown  in  Fig.  59.  Samples 
are  obtained  by  planing  over  the  surface  indi- 
cated by  a  shaded  line  in  Fig.  59.  The  shavings 
from  the  separate  ingots  are  united  to  make  a 
single  average  sample. 

Under  certain  conditions  it  is  better  to  analyze 
each  ingot  separately  and  take  a  mean  of  the  re- 
sults. It  is  possible  to  determine  in  this  way 
whether  or  not  segregation  took  place  when  the 
charge  was  in  the  molten  condition,  a  thing  which 
ought  not  to  occur  if  the  temperature  is  high 
enough. 

Table  54  gives  the  analyses  of  a  series  of  ingots 
taken  from  two  different  charges,  A  and  B.  The 
material  was  Siemens-Martin  iron  and  four  large 
ingots  were  cast  from  each  heat. 


FIG.  59. 


TABLE  54.— ANALY 


EST  INGOT  TAKEN  DURING  THK   l'<»rui\<; 
OK  THE  HEAT 


Sample  taken  at 

*& 

M.-m- 
BMMM, 

Phflfr 

plinru.x. 

piT    r.-lil 

Sulfur. 

per 

MBt 

p.T 

'1 

•uiiim  iif  pour 
Kn<l  of  pour  

0.21 

n  -Jl 

0.21 

o  -Ji 

o  71 
0.73 

0.024 
0.023 

0.032 
0.031 

0.054 
0.053 

H    I     l^'K'1111''1^  <»f  IMUIP  . 

ii  34 

0.26 

(».7s 

0.026 

O.OiU      n  068 

Kinl  of  pour. 

it  :;  I 

0.25 

0.78 

0.025 

0.0 

0.054 
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In  l)otli  cases  the  differences  hetween  the  composition  at  the 
start  and  at,  the  end  of  the  pour  are  v« TV  slight,  being  within  the 
limits  <»f  analytical  error.  Segregation  in  the  molten  state,  there- 
fore, has  not  taken  place.  The  average  of  two  analyses  on  each 
ingot,  would  give  a  very  representative  value  for  the  composi- 
tion of  tin  entire  heat.  It  should  be  noted  that  these  analyses 
do  not  give  any  information  as  to  the  distribution  of  the  foreign 
substances  in  the  ingot. 

2.  Chemical  and  Metallographical  Study  of  the  Solid  Ingot.— 
If  samples  are  not  taken  during  the  pouring  as  described  in  the 
preceding  paragraph,  it  is  not  only  difficult,  expensive  and  time- 
consuming  to  get  shavings  from  the  ingot  which  really  represent 
the  composition  of  the  original  charge,  but  in  the  case  of  large 
ingots  it  is  absolutely  impossible. 

Molten  iron  forms  a  solid  solution  (mixed  crystals)  with  most 
of  the  foreign  elements  occurring  with  it.  As  regards  the  solidi- 
fication of  the  solid  solution,  it  may  be  said: 

The  solid  solution,  as  it  separates  out,  is  always  richer  in  the 
constituent  with  the  highest  melting  point  than  is  the  melt 
with  which  the  crystals  are  in  equilibrium;  or,  in  other  words, 
the  melt  retains  more  of  that  constituent  by  means  of  which 
the  solidification  temperature  was  lowered  than  is  present  in 
the  first  crystals  formed. 

Now  since  the  temperature  at  which  pure  iron  solidifies 
(1505°)  is  lowered  by  all  the  impurities  that  occur  in  technical 
iron  as  well  as  by  those  elements  which  are  added  to  it  intention- 
ally, it  follows  that  when  a  large  ingot  solidifies,  the  solid  solu- 
tion that  first  separates  on  the  cold  walls  of  the  mold  is  freer 
from  those  elements  which  caused  the  lower  melting  point  (chiefly 
carbon,  phosphorus,  sulphur  and  manganese)  than  that  part  of 
the  melt  which  cools  more  slowly.  These  foreign  elements, 
therefore,  are  forced  continuously  toward  that  part  of  the  cast- 
ing which  solidifies  last.  In  the  case  of  large  ingots  this  point 
lies  in  the  middle  of  the  ingot  near  its  head  as  indicated  in  Fig. 
60.  Segregation,  therefore,  takes  place  during  the  cooling. 

For  technical  purposes  it  is  often  important  to  determine 
whether  or  not  segregation  has  taken  place  in  a  mass  of  metal 
as  only  material  which  is  practically  free  from  segregation  is 
suitable  for  certain  purposes. 
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To  determine  l>y  chemical  means  the  extent  to  which  segrega- 
tion has  taken  place,  an  ingot  may  be  cut  lengthwise  along  the 
line  S-S  (Fig.  61)  and  I >orings  taken  at  various  points  of  the  sur- 
face indicated  in  the  drawing  by  cross-hatching.  If  the  results 
of  the  analyses  of  samples  taken  from  various  places 
on  the  section  are  plotted  (see  Fig.  64)  it  is  possible 
to  get  a  fairly  good  idea  of  the  distribution  of  the 
various  constituents  in  the  ingot.  It  must  be  re- 
menibered  in  this  connection  that  these  analyses  give 
only  the  composition  of  a  few  selected  points  and  thai 
their  average  does  not  by  any  means  represent  the 
average  composition  of  the  ingot. 

The  diagrams  shown  in  Figs.  62  and  63  were  made 
in  the  way  just  described  and  the  analyses  at  different 
points  are  shown  in  Table  54. 

In  spite  of  the  low  average  content  of  phosphorus  and  sulfur, 
there  is  a  marked  segregation  of  the  elements  at  the  top  of  the 
ingot  near  the  middle.     Carbon  and  manganese  are  also  richer 
in  the  top  of  the  ingot  while  silicon  and  copper  show 
no  segregation.     On  the  outside  of  the  ingot  the  com- 
pnsition  of  the  metal  is  about  the  same  as  at  the  top 
and  bottom. 

As  a  rule  segregation  takes  place  to  a  greater  ex- 
tent as  the  quantity  of  elements  other  than  iron  in 
the  charge  is  increased.  This  is  shown  clearly  in  the 
following  example.1 

The  average  composition   of  an  acid  open-hearth 
-amples  taken  from  the  ladle)  was  0.38  per  cent, 
carbon,   0.052  per  cent,    phosphorus,  0.52  per  cent. 
manganese  and  O.Oh'l  per  cent,  sulfur. 

The  ingot  showed  marked  segregation  as  illustrated 
in  Fig.  64.  (The  analyses  selected  were  from  a  sec- 
tion taken  through  the  middle  of  the  ingot.)  The  top 
of  theii,  particularly  rich  in  phosphorus  and 

sulfur   and    t  he*-e    was   also   a   decided  iimn    of 

carl" 

'Tnll.ot,    Iron  and  Stool  Institute.  HX)5. 

1  For  other  examples  of  segregation  in  iron  ingots  sec  A.   Mai 

en,  1894,  7"7;  I     WOrt  and  II.  I.,  fetor,  Metall.irn.e.  1910,  :;•• 
Ol.hol/er.  Stahl  u.  Kisrn,  1907,   LI 65. 
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Charge  A 

Fio.  62. 


a»s 


Chanre  B 

Fia.  63. 
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The  question  as  to  whether  segregation  exists  or  not  is  of  the 
greatest  practical  importance,  because  the  usefulness  of  the 
material  for  a  definite  purpose  is  often  determined  by  the  pres- 
ence or  absence  of  marked  segregation. 

The  nearer  together  the  points  from  which  the  borings  are 
taken,  the  more  definite  the  knowledge  of  the  way  in  which  the 
foreign  dements  are  distributed.  A  purely  chemical  study  like 
the  one  just  described  is  very  time-consuming  and  expensive 


Acid  Opcu-Heartb  Steel 

I  !•-.  64. 


Middle  Section  of  the  Ingot 

FIG.  65. 


and,  moreover,  the  ingot  must  bo  remelted  as  it  is  no  longer 
suitable  for  rolling. 

Under  these  conditions,  the  macroscopic  study  of  the  speci- 
mens has  been  very  successful  in  detecting  seuiv<:;tt  ion  in  the 
material,  particularly  the  urn  of  phosphorus.  (The  sec- 

tion should  l>e  etched  with  copper  ammonium  chloride  according 
to  the  method  of  I'..  Heyn.)  'See  p.  12.)  The  metallographie 
method  shows  clearly  whet  her  or  not  segregation  has  taken  place, 
shows  the  boundaries  of  the  /one  of  segregat ion  and,  to  an  ex- 
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perienred    observer,    gives    ;ui    approximate    knowledge    of    the 
extent,  to  which  segregation  has  taken  place. 

In  st  inlying  largo  ingots,  to  determine  possible  zone-forma- 
tion (llie  to  -euregalion,  the  best  u  ay  is  to  CUt  OUt  a  Section 
through  the  middle  of  the  ingot  as  indicated  in  Fig.  (\~).  The 
section  is  then  ground  and  polished  on  the  side  indicated  by 
the  cross-hatching.1  After  the  sin-face  has  been  cleaned  with 
alcohol,  it  is  suspended  as  shown  in  Kig.  (\i\  and  dipped  in  a 
wooden  trough  (see  Fig.  67)  containing  the  etching  reagent 
(copper  ammonium  chloride  1  :12). 

After  etching  for  2  or  3  min.,  the  section  is  taken  out,  the 
copper  deposit  removed  with  running  water  and  a  piece  of 

cotton,  and  the  water  rinsed  off  by 
pouring  absolute  alcohol  over  the  sur- 
face of  the  metal. 

The  treatment  is  the  same  as  wit.h 


FIG.  66. 


Fia.  67. 


smaller  specimens.  (See  Chapters  II  and  III  in  this  book.)  Fig. 
68  shows  a  section  from  a  3-ton  ingot  treated  and  etched  as  de- 
scribed above.  There  is  no  zone  formation  in  this  specimen;  the 
material  is  nearly  free  from  segregation.2 

It  is  not  always  possible  or  necessary  to  cut  out  so  large  a  sec- 

1  It  is  very  difficult  in  working  with  so  large  a  piece  to  get  a  surface  entirely 
free  from  scratches.     In  preparing  the  specimen  for  treatment  with  cop- 
per ammonium  chloride,  to  determine  macroscopically  the  nature  of  the 
segregation,  a  less  careful  treatment  of  the  specimen  is  required.     Tin* 
following  procedure  is  satisfactory:     First,  plane  the  surface  till  smooth. 
Remove  the  marks  of  the  planing  tool  with  fairly  coarse  emery.     Then  polish 
with  a  wooden  disk  covered  with  leather  which  is  sprinkled  with  very   tine 
emery  powder,  and  finish  with  a  felt  disk  using  rouge  and  oil.     In  cutting  and 
polishing  small  sections  hold  the  piece  against  the  rotating  disk.     In  polish- 
ing large  sections,  hold  the  plate  still  and  move  the  rotating  disk  back  and 
forth  over  its  surface. 

2  The  ingot  was  prepared  Ity  the  llarmet  process  which  accounts  for  the 
lack  of  segregation. 
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tion  for  grinding,  polishing  and  etching.     This  cannot  be  done, 

for  instance,  if  the  ingot  is  to  be  rolled. 

If  in  such  a  case  it  is 
desirable  to  get  an  approx- 
imate idea  of  the  distribu- 
tion of  foreign  elements  in 
the  ingot,  it  may  be  done, 
as  indicated  in  Fig.  69,  by 
taking  a  section  at  the  top 
of  the  ingot,  at  K,  equal  to 
about  one-fourth  of  th<>  en- 
tire cross-section,  a  similar 
piece  near  the  bottom,  at 
F,  where  the  segregation  is 
least,  and  examining  these 
specimens  after  polishing 
and  etching. 

Fig.  70  shows  the   pol- 


K 


.  (i  .srrtion  from  a  :{-ton  ingot. 


: 


i\<;or  n«>.\    \  \i>  MILD 


70. — Section  A'  from  tlu>  top  of  tlu>  ingot 


IK,.   71      S.  ,-tion  F  from  the  base  of  the  ingot. 
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ished  section  from  the  top  of  the  ingot  and  Fig.  71  one  from 
the  bottom  of  an  ingot  of  basic-Bessemer  steel.  The  deepest 
black  spots  are  due  to  blow  holes. 

A  circle  of  large  holes  separates  the  inner  from  the  outer  zone 
in  both  sections.  The  core  is  darker  in  both  cases  than  the  outer 
edge.  In  this  inner  zone  are  found  larger  or  smaller  spots  rich 
in  phosphorus.  A  dark  color  after  etching  with  copper  am- 
monium chloride  is  generally  an  indication  of  a  high  phosphorus 
content  (cf.  p.  27).  The  other  impurities,  however,  particu- 
larly the  oxide  and  sulfide  compounds,  also  tend  to  collect  at 
those  places  where  the  phosphorus  content  is  greatest,  so  that 
in  case  the  color  is  unusually  dark  it  is  safe  to  assume  that  the 
sulfide  and  oxide  content  is  also  high.1 

It  will  be  noticed  that  at  the  top  of  the  ingot  the  boundary  be- 
t  \veen  the  inner  and  outer  zones  is  sharply  marked  by  a  dark 
band,  while  at  the  lower  end  (Fig.  71)  there  is  a  gradual  transi- 
tion without  any  sharply  marked,  dividing  line.  The  dark 
color  in  the  inner  zone  of  section,  F,  from  the  foot  of  the  ingot,  is 
very  slight  as  compared  to  that  of  the  corresponding  part  of  the 
upper  section,  K.  The  conclusion  may  be  drawn  from  these 
facts  that  there  is  a  marked  difference  in  the  percentage  of 
impurities  at  the  top  and  at  the  bottom  of  the  ingot.  This 
opinion  is  confirmed  by  analyses  made  from  different  parts  of 
the  ingot. 

TABLE  55 


Frotn  top  of  ingot 


From  bottom  of  ingot 


In8i<li-. 
per  cent. 

Out> 

por  cent 

Ir.i.i.1... 
per  . 

(MM 

Carbon  

0.11 

0.06 

0  07 

0.07 

Manganese  
Phosphorus  

0.52 

0    IT) 

0.48 
0.07 

0.47 

0    (is 

0    Hi 
ii  o:, 

The  macroscopic  examination  (etching  test )  gives,  therefore. 
a  satisfactory  idea  of  the  distribution  of  foreign  matter  in  the 
material.  It  shows  whether  /one-formation  due  to  sogivgat  ion 


1  In  case  of  doubt, micTOCCOpic  t-x:iiiiin:itinn  :m<l  tin-  sulfur  print  onsilk  will 
confirm  or  "Improve  the  presence  of  tin-so  constituen 


INGOT  IRON  AND  MILD  STl-.I.I 


97 


has  occurred,  shows  clearly  the  boundaries  between  the  different 
/ones,  and  gives  a,  means  <»f  determining  tin-  most  suitable  placet* 
from  which  to  take  samples  for  rhemic.-d  and  mechanical  tests. 

3.  Chemical   and   Metallographic   Study  of  Rolled   Steel. 
Segregation  in  wrought  iron  and  str< -1  cannot  be  wholly  overcome. 


i 


FIG.  72. — From  the  (op  of  the  ingot.     Fi<;.  7:i. — From  th<>h;i 


With  suitable  precautions,  it  is  possible  to  reduce  it  to  a  certain 
extent.  It  is  important,  therefore,  for  the  steel  mill  to  have  a 
means  of  determining  from  time  to  time  the  amount  of  segrega- 
tion in  the  ingot. 

7 
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To  cut  sections  from  the  ingot  itself  for  the  purpose  of  making 
microscopical  tests  would  be  very  difficult  and  would  interfere 
seriously  with  mill  operations.  An  examination  of  pieces  rolled 
from  the  top  and  from  the  bottom  of  the  ingot  answers  the 
purpose. 

If  an  ingot  containing  segregated  material  is  rolled  into  any 
particular  shape  (angle-iron,  beam,  rail,  plate,  etc.)  the  zone  of 
segregation  appeal's  in  the  rolled  piece. 

The  I-beams  shown  in  Figs.  72  and  73  are  rolled  from  the  same 
basic-Bessemer  ingot  from  which  the  sections  shown  in  Figs. 
70  and  71  were  taken.  Fig.  72  corresponds  to  the  top  of  the  ingot 
and  Fig.  73  to  the  bottom.  In  the  beam  rolled  from  the  top  of 


I  p.    71.      Prom  the  top  of  the  ingot.        Fi<;.  7o. — From  the  base  of  the  ingot. 


the  in^ot  the  dark  dividing  band  between  the  inner  and  outer 
•Ones  is  clearly  marked  while  in  the  other  beam  no  division  is 
evident.  'Die  blow  holes  have  disappeared.  The  agreement  be- 
M  the  original  ingM  and  the  rolled  material  with  respect 
to  zone  formation  is  clearly  shown. 

riurs.  71  and  7/>  are  made  from  basir-Bes«-nier  ingot  rolled 
out  to  small  rods.  l-'i^.  71  represent-  in  this  rase  the  1<>|>  of  the 
.  while  I'l-j..  7"»  is  from  the  lower  end.  The  s«-givgat  ion 
phenomena  are  exactly  similar  to  those  just  described. 

Analyses  of  the  inner  and  outer  BOnefl  urave  t  he  following  values: 


INGur  //,v/.V  AND  MH.lt  STl  D 
TABLK  50 


CorrecponiliiiK  »<>  top  of 

ilif  .1 

Corresponding  to  bottom 

<>(  ingot 

Cent.  r. 
per  mi  i 

Cent.r. 

|..    t      •    •    1:1 

Edce. 
percent. 

Carbon                                .    . 

0  11 
0.52 
1.125 

0   (is 

0.50 
0.080 

II       ll'.l 

0.48 
0  075 

0.09 
0  52 
0.080 

M'tii^iincse 

Phosphorus  

Hero  again  the  differences  l.rt  \\-M-M  tin-  center  and  edge  of  the 
piece  rolled  from  the  top  of  the  ingot  are  considerable  while 
these  differences  almost  disappear  in  the  other  piece. 

In  order  to  get  an  idea  of  the  nature  of  the  segregation  in  a 
given  ingot,  the  examples  given  above  indicate  that  it  is  not 
enough  to  take  a  section  from  a  piece  rolled  from  one  end  of  the 
ingot  but  that  it  is  absolutely  necessary  to  have  sections  corre- 
sponding to  both  ends  and  under  certain  circumstances  a  section 
representing  the  center  of  the  ingot 

4.  Influence  of  the  Method  of  Sampling  on  the  Analytical 
Results. — If  the  samples  for  analysis  are  taken  without  any  re- 
gard to  segregation  phenomena,  or  are  taken  by  an  untrained 
man  in  an  unintelligent  way,  the  most  remarkable  and  widely 
varying  results  can  be  obtained  although  the  analyses  may  be 
carried  out  perfectly. 

The  following  is  a  general  method  for  getting  an  average  sample 
from  a  rolled  piece: 

If  it  is  at  all  possible,  the  samples  for  analysis  should  be  taken 
by  planing  over  the  entire  cross-section  and  not  by  boring  or 
drilling.  If  on  the  contrary  an  average  sample  is  not  wanted. 
but  it  is  desired  to  determine  whether  or  not  zone  formation 
due  to  segregation  has  taken  place,  or  whether  there  are  other 
irregularities  in  the  chemical  composition  of  the  material,  the 
metallographic  examination  should  precede  the  sampling. 

It  will  be  shown  by  a  number  of  examples  taken  from  a  metallo- 
graphic practice  how  greatly  the  analytical  results  may  be  in- 
fluenced by  improper  sampling. 

It  would  l>e  altogether  wrong,  for  example,  to  take  samples 
from  a  rolled  rod  by  turning  off  the  outer  layer  as  indicated  in 
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FIG.  76. 


Fig.  76.  If  zone  formation  has  taken  place,  due  to  segregation, 
an  analysis  of  turnings  taken  at  the  point  d  on  the  outer  zone  R 
would  give  an  entirely  false  idea  of  the  average  composition  of  the 

bar  as  that  point  represents 
the  part  of  the  bar  in  which 
segregation  is  least  strongly 
marked.  If  now,  in  order  to 
make  a  control  analysis,  the 
rod  was  turned  down  still 
more  (e  in  Fig.  76)  the  analyst 

would  find  much  higher  percentages  of  phosphorus  and  sulfur, 
assuming  that  segregation  had  taken  place  as  indicated. 
A  few  examples  will  show  how  great  these  differences  can  be. 
(a)  SHAPED  IRON. — Fig.  77  is  a 
drawing  of  a  cross-section  of  a  broken 
bolt.     The    section    after    etching 
with    copper   ammonium    chloride 
showed   a  sharply  marked  separa- 
tion into  a  bright  outer  zone  R  and 
a  dark  four  cornered  inner  zone  K. 
The  dark  color  of  the  inner  zone 
indicates  phosphorus  segregations. 
The  area  of  the  inner  zone  is  greater 
than  that  of  the  outer. 

Measurement  showed:  FIG.  77. 


Inner  zone 1552  sq.  cm. 

Outer  zone 823  sq.  cm. 


Total  area 2375  sq.  cm. 


The  phosphorus  values  were: 


TABLE 

pic  taken  from 

Outer  /one.  If 

Inner  /one.  /\  

Planings  from  the  entire  cross-section 


Per  cent. 

phosphorus 
0.077 

0    110 

.  0.100 
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If  t  he  average  phosphorus  content  is  found  by  calculation  from 
tin-  percentage  in  cadi  zone  :iml  t  he  area  of  tho  zone,  the  value  w 
I)  ()'".»  per  cent.  phosphorus.1  This  is  in  very  good  agreement 
wit  h  I  he  average  value  i:iv«-n  as  0.100  per  cent. 

Example  2. — Fig.  78  shows  the  et.ched  surface  of  a  broken 
connect  intf  rod.  The  inner  core  K  contains  numerous  dark  Hjx>ts 
rich  in  small,  non-metallie  inclusions.  The  bright  outer  zone  is 


Fia.  78. — Section  of  ;i  connect iny;-r(><l  screw. 

crossed  by  dark  lines  perpendicular  to  the  sides  of  the  quadrangle 
which  bounds  the  inner  zone.  These  come  from  the  blow  holes 
which  were  perpendicular  to  the  edges  of  the  original  ingot  and 
were  closed  up  during  the  rolling.  The  four-cornered  cross-sec- 
tion of  the  inner  zone  shows  that  the*  ingot  from  which  the  rod  was 
made  was  quadrangular  in  cross-section. 

11552X0.110      823X0.077 

4)375         ~*~         2375         =  0.099  per  cent,  phosphorus. 
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Analyses  gave  these  values: 

TABLE  58 


Inner  zone, 
per  cent. 

(  hiter  zone. 
per  rent 

Carbon                                     

0.11 

0  09 

Phosphorus 

0  080 

0  050 

Sulfur                              

0.080 

0.040 

Manganese 

0  72 

0  70 

Silicon           

Trace 

Trace 

CoDDer 

0.02 

0  02 

N'ickol     

0.07 

0.07 

( 'urlum,  phosphorus  and  sulfur  have  segregated  in  the  inner  zone. 


IK;.  79.— Section  of  a  bolt. 

Example  3. — Fig.  79  is  the  cross-section  of  :i  holt.  Zone  for- 
mation due  to  segregation  is  clearly  marked.  Determinations  of 
phosphorus  and  sulfur  gave  the  following  values: 

TABLE  59 


Inner 

per   rent 

<  Mil.  r 
|MT    rent 

Phosphorus 

o  120 

0  042 

Sulfur 

n  osn 

0.018 

i\(;or 


.\\D  MIL  i>  -i  1  1  1 


Htt 


Tin'  inner  /one  shows  ;t  marked  se^n-nation  i»f  sulfur  and  phos- 
phorus. 
Example  4. — Fig.  80  is  the  polished  cross-section  of  a  square 

l»ar  of  l.aHc-Hessemei  sh-H.  Tin-  section  .shows  in  the  dark 
colored  inner  zone  numerous  small  non-metallic  inclusions 
evidently  of  a  sulfidic  character.  Analyses  of  the  two 

•ones   gave: 

TABLK  60 


IlllHT    ZI.IH'. 

Outer  »on«». 
per  cent. 

Carbon 

0  092 

0  096 

Manganese  
Silicon 

n    11 
0  012 

0.38 
0  014 

Phosphorus  

0  060 

0.050 

Sulfur 

0  072 

0  030 

Copper.  . 

0.074 

0.050 

Nitrogen  . 

0.010 

0.009 

Besides  the  slight  segregation  of  phosphorus  there  is  a  much  larger 
sulfur  segregation  in  the  inner  zone. 

If,  in  the  cases  just 
cited,  the  samples  for 
analysis  had  not  been 
taken  by  planing  across 
the  entire  section  but  by 
boring,  it  would  have  been 
quite  possible  to  obtain 
unreliable  results  even  if 
the  holes  had  been  drilled 
all  the  way  through  the 
metal.  If,  for  example,  a 
round  rod  is  drilled  as  in- 
dicated by  /,  Fig.  81,  the 
drillings  do  not  corre-  L 

spond  to  the  average  com-    Fio.80.— Square  bar..  I '1.  .^--Bessemer  steel, 
position   as   would   tl 

made  by  planing.     The  relative  position  of  the  holes  has  an  in- 
fluence  on   the   values  obtained.     (See  points  /  and  //  in  1  i^r- 
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81.)  More  drillings  from  the  unsegregated  outer  zone  would 
!><•  made  by  a  hole  at  /  than  at  //.  The  drillings  from  hole  / 
are  therefore  poorer  in  phosphorus  and  sulfur  than  those  from 
hole  //. 

These  facts  hold  not  only  for  round  or  square  pieces,  but  also 
for  those  of  any  other  shape  if  segregation  into  any  inner  and 
outer  zone  has  taken  place  in  the  ingot. 

Even  with  correct  sampling,  analytical  differences  may  occur 
under  certain  conditions.  Assume,  for  example,  that  the  material 
of  which  the  bar  or  other  piece  consists  was  sampled  correctly 
by  the  shipper  by  planing  over  the  whole  cross-section  and  a 
phosphorus  determination  made.  The  sample  contained  "a" 
per  cent,  phosphorus.  The  rod  was  then  turned  down  by  the  pur- 
chaser and  used  for  construction  work.  Because  of  a  break,  the 
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FIG.  82. 


finished  product  was  analyxed  for  phosphorus.  In  this  case  too 
:  in  pic  was  taken  correctly  by  planing.  The  average  phos- 
phorus content  will  l>c  greater  in  this  case  if  the  original  bar  con- 
i. lined  a  core  rich  in  phosphorus,  as  the  outer  zone,  low  in  phos- 
phorus, would  have  been  removed  by  turning.  Microscopic  te?ts 
would  indicate  the  difference  between  the  original  bar  and  the 
finished  product. 

As  stated  on  p.  98  and  illustrated  in  Fig.  72,  the  segregation 
/one  goes  through  the  various  processes  of  mechanical  treatment, 
rolling,  forging,  etc.,  without  coming  to  the  surface  of  the  piece. 
Because  of  the  flowing  of  the  material  of  the  outer  zone  on  rolling, 
very  considerable  changes  in  the  relative  areas  and  shapes  of  the 
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inner  and  oilier  lonefl  ma?  t.ake  place.      The  dark  inner  /on.-  forms 
:i    much   larger   proportion  of  the  total  area  in  the  \vel>  of  an  I- 

IM-.-UU  (Fig,  7'Ji  th.-tn  in  thr  flniijrrs.    Tin-  Rame  ihiim  i>  nu«-  in 

(he  case  of  rails  an<l  other  rolled  forms.      Ki^.  SL>  j.  ihr  drawing  of 
an  ctche.l  rail  section.      Th«;  inner  /one  i-  cross-hatched. 


l-'ic.   S.'l.      (  IroOB  -'-i-tion  of  :i  mine  rail. 

The*  ratio  between  the  areas  of  the  inner  and  outer  /ones  in  the 
different  parts  of  the  rail  were  as  follows: 


TABLE  61 


Proportional  :irr:i  nf 
inner  IMIH-.  A". 
per  . 

Proportional  area 

uuti-r 

per  rent. 

1  : 

In  head  of  rail  .  . 

32.1 

67.9 

In  weh  of  rail 

63  4 

36.6 

In  foot  of  rail 

14  4 

s:,  r. 
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( 'hemical  analysis  gave  the  following  result-: 

TABLE  62 


Inner  zone  A, 

per  cent. 

<  hiter  zono  R, 
per  rent. 

Phosphorus  
Sulfur  
Manganese 

0.127 
0.060 
0  55 

0.063 
0.023 
0  50 

The  differences  in  chemical  composition  between  the  inner  zone 
K  and  the  outer  zone  R  are  quite  marked.  A  representative 

sample  for  analysis  can  he  obtained  only  by  planing  over  the 
entire  cross-section.  Planing  part  of  the  section  (for  example 
only  the  upper  half)  would  give  incorrect  values  because  of  the 
uneven  distribution  of  the  sulfur  and  phosphorus  in  the  final 
product.  (See  Table  (>1.) 

Similar  cases  of  marked  segregation  are  illustrated  in  the  two 
following  examples. 

Fig.  S.'i  is  t  he  cross-sect  ion  of  a  mine  rail.  Three  distinct  zones 
are  noticeable. 

(a)  A  narrow  rirn  around  the  outer  edge  of  the  section,  colored 
dark  by  the  etching  reagent. 

(b)  An  intermediate  /one  Ifz  which  stays  bright  after  etching. 

(c)  An  inner  xo:ie  made  very  dark  by  etching  and  containing 
many  small,  non-metallic  inclusions,  probably  due  to  deoxidation. 

(  'hemical  analysis  gave: 

TAHI.K  »>:{ 


Iniirr  zone.  A', 
per  cent. 


Outer  zone.-..  Iti  nml  Id, 

per    cent . 


Phosphorus 

Sulfur. 


ii  158 

o  or,  i 


0.115 
0.042 


Owing  to  the  peculiar  distribution  of  the  zones  which  are  rich 
in  phosphorus,  the  average  phosphorus  content  in  t  he  t  \\  o  outer 
/ones  /i',  f  If. 2  is  also  high. 

IIL:.  M  shm\>  the  section  of  an  iron  girder  with  marked  zone 
formation  due  to  ion.  Analy>i>  gave: 
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llllH-f 

per  > 

Out  IT  xurir. 
|HT  rrnt. 

Phosphorus 

0    1  1 

0.00 

Sulfur   

it   i.; 

o  or, 

Phosphorus  and  sulfur,  which  give  the  dark  inner  zone 
in  Fig.  84,  are  high. 

(6)  IRON   PLATE  AND   HOOP  IRON.  —  Errors  are  fre- 
quently made  in  taking  (  samples  from  plates.     Several 
examples  will  be  given  to  show  how  great   t.lie  difTeren 
can  be  in  different  parts  of  the  surface  and  how  nee 
sary  it  is  in  many  cases  that  the  chemical  analysis  should 
l>e  preceded  by  a  microscopical  examination. 

(a)  The  following  case  is  a  classic  example  of  the 
difficulty.1 

A  very  red-short  boiler  plate  was  analyzed  for  sulfur 
by  a  number  of  chemists.  Samples  of  the  steel  were  sent 
in  sealed  packages  to  the  various  laboratories  and  the 
results  returned  varied  from  0.067  per  cent,  to  0.240 
per  cent,  sulfur.  The  differences  were  altogether  greater 
than  possible  differences  due  to  different  methods  or  to 
experimental  errors. 

A  metallographic  study  explained  the  situation  at  once. 
Marked  zone  formation  had  taken  place  due  to  segre- 
gation as  shown 
in  Fig.  85.  After 
locating  the  segre- 
gated  areas,  borings 
were  taken  from 


FIG.  84. — Cross-section  of  an  iron  n; 


the  different  zones  and  gave  on  analysis  the  following  sulfur 
values. 

TABLE  65.  —  ANALYSIS  nv   \\\\\ 

Sample  taken  from  Sulfur,  prr  cent. 

.   0.067 


Zone  I 

Zone  II 

Zone  ///. 


II     JIM 

0.240 


1  Sec  Hrvn  ami  Haurr.  "  Mrtall.^raphir.  "  I'art  '2.  p.   132 
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The  samples  submitted  to  the  different  laboratories  were 
evidently  incorrectly  taken  by  drilling  or  planing  in  different 
places  so  that  one  laboratory  had  samples  from  the  low  sulfur 
zone  7,  another  from  area  II  which  was  somewhat  richer  in  sulfur 
and  a  third  from  the  most  segregated  area  III.  A  true  average 
sample  could  be  taken  only  by  planing  over  the  whole  cross- 
section. 

Example  2. — Fig.  86  is  a  drawing  of  the  section  of  very  brittle 
boiler  plate.  Even  before  etching,  the  section  showed  two  clearly 
marked  streaks  7  and  #. 


FIG.  85. — Red  short  boiler  plate. 


Inside  of  the  Plate 


Outiidi-of  the  Date 

FIG.  86.— Outside  of  the  plate. 


FlG.  87. — Sulfidr  inclusions. 


Microscopically  small,  bluish,  non-metallic  inclusions  such 
us  frequently  occur  in  wrought  iron  are  particularly  noticeable  in 
the  zone  between  the  lines  7  and  t?,  and  small,  yellowish-gray 
inclusions  are  found  in  rhe  lines. 

Fig.  87  shows  a  group  of  such  inclusions  magnified  to  123  diam- 
eters.    The  appearance  of  the  inclusions  indicates  that  sej: 
tion  of  metallic  sulfides  has  taken  place  along  the  lines  y  and  6  as 
well  as  in  the  zone  lying  l>etween  them.     The  print  on  silk  (cf.  p. 
15)  shown  in  Fig.  88  confirms  this  suspicion. 

Sulfur  detenu  in.  i  lions  made  on  samples  taken  as  indicated  in 
sketches  a,  6,  and  c,  Fig.  89,  gave  the  following  values: 


\  \/> 

TMU.I:  06 


8TBB1 


Tent  M|H»riinoiiM  taken 

>.ilfur. 

.  nt 

I'huNphoru*. 
per 

From  the  outer  layer  as  shown  in  Fig.  s(.»</ 

0    III 

0  068 

Near  the  streaks  as  shown  in  Fi^.  S% 

0.16 

0.203 

Ity  planing  over  the  whole  cross-sect  ion,  as  in  89c. 

0.10 

0    1 

After  etching  with  copper  ammonium  chloride  tin;  >«•<•!  inn 
shows  a  very  dark-colored  core  and  two  somewhat  lighter  outer 
layers,  (cf.  Fig.  90.)  

The  bend  in  the  streak  at  the  rivet  hole.  :; 
indicates  that  the  rivet  was  punched  and 
not  drilled.  The  streaks  y  and  6  are 
brought  out  more  clearly  by  the  etching. 
They  are  composed  of  large  prismatic  fer- 
rite  crystals  which  are  considerably  larger 
than  the  surrounding  crystals  of  fenit.e. 
I-'ig.  21  (p.  27)  shows  the  line  7  magnified 
about  4  diameters. 


FIG.  88.— Sulfur  print 
on  silk. 


IV..  89. 

The  very  dark  color  after  etching  with  copper  ammonium  chlo- 
ride and  the  large  size  of  the  ferrite  crystals  indicate  an  especially 


Fi<;.   !>0. — Section  etched  with  copper  ammonium  chloride. 

high   phosphorus   content   in    the   streaks.     Analy  e    the 

values  shown  in  Table  66.     Sulfur  and  phosphorus  are  both  very 
high  in  the  neighborhood  of  the  dark  lines. 
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Example  3. — Similar  conditions  were  found  in  the  section  of  a 
ship-plate.  Fig.  91  shows  the  cross-section  after  etching  with 
copper  ammonium  chloride. 

The  photograph  shows:  A  light  outer  zone,  a  darker  inner  zone 
filled  with  small  dark  streaks,  and  two  particularly  dark  stripes 
between  the  inner  and  outer  zones.  Analysis  shows: 


" -irj 


FIG.  91. — Cross-section  of  a  ship-plate. 
TABLE  67 


Samples  taken 

From  the  outer  zone 

From  the  inner  zone 

From  and  near  the  dark  streaks 


Phosphorus,  per  cent. 

0.088 

0.119 

.   0.200 


I 


FIG.  92. — Sections  of  ship-plates. 


FIG.  93. 


•plate. 


Because  of  the  thinness  of  the  lines  in  this  case  as  in  the  other 
it  was  necessary  in  sampling  to  take  part  of  the  inateri.-il  from 
the  immediate  neighborhood  of  the  lines,  so  that  the  phosphorus 
content  of  the  material  in  the  dark  streaks  is  really  greaterthan 

the  an:ily-is  >ho\V8. 

PigS.  \^  and  !»:{  -how  etched   sections   of  three   ship-plates, 
.1.   //.  and  C.     All  three  showed  marked  /one-formation  due  to 
nation.     Analyses  gave: 


WGOi    ST1  II     \\l>    MIL i.  > //-./-./ 
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05' 
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TABLE  68 


Samples  taken  from 

Phosphorus, 
per  cent. 

Sulfur. 
per  cent 

Plate  4  Outer  zone. 

0.08 

Not  determined 

Inner  /one 

0  16 

Not  determined 

Plate  B  Outer  /one  
Inner  zone. 

0.153 
0  282 

0.069 

0  180 

Plate  C  Outer  zone  

0.140 

0.066 

Inner  zone.  . 

0.250 

0.150 

Example  4. — It  frequently  happens  that  the  segregation  areas 
arc  not  so  sharply  marked  as  in  the  cases  just  de'scribed,  but  that, 
smaller  or  larger  segregated  spots  are  irregularly  distributed 
throughout  t  he  whole  cross-section  area.  In  this  case  there  is  no 
distinct  division  into  an  inner  and  outer  zone. 


K 

i 

FK.. 


Fi.;.   1)11. 


Fiir.  94  shows  the  sulfur  prints  on  silk  of  three  plates  in  which 
•^rogation  stripes  are  irregularly  distributed.    Analysis  gave : 


TABLE  69 


Sample  taken 

Phosphorus, 

per  cent. 

Sulfur, 
PIT 

(  )V<T  the  whole  cross-section 

0  078 

0  06 

From  (lie  seL'reir:tte<l  strr;ik- 

0.183 

I)   101 

In  all  these  ••••present at ivc  samples  could  be  taken  by 

planing  over  the  whole  ci  ion.  In  some  cases,  however, 

even  shavings  made  by  planing  over  the  whole  cross-section 
do  not  represent  the  average  composition  of  the  material. 

It"  a  slab  with  an  inner  /one.  A',  like  that  indicated  in  I  'itr.  !»•">.  is 
rolled  out  to  a  plate,  the  inner  zone  tapers  toward  the  cuds  and 


///oy  AND  Mll.lt  STEEL 


II.! 


2 


| 


L 


«if  the  plate  xs  imii- 

eale.l    in    (he    skefrh,    V\\i. 

96,     and    in    thr    photo- 
ph,  Kin.  0 
If  now,  for  tin-  purpose 

(»f  netting  samples,  the  en- 
tire -eei  ion  is  pl.-im-d  nv«-r 
at  the  place  "«  "in  IV 
the  analysis  will  not  show 
the  true  average  roiiipn-i- 
tion  of  the  material  in 

spite  of  the  apparent^ 

!•«•«•!  sampling,  lu-ranx-  lh<- 
shavings   really  repn 
only  the  outer  xonr  /.'. 

Analysis  of  a  plate  with 
a  tapering  inner  zone  like 
that  shown  ill  Fig.  97 
gave  the  values: 


41 
i 


r,.,  B& 


TABLB  70 


Sjiiuplcs  taken 

Phoophoru-. 

per  crlit 

Sulfur. 
per  CM-HI 

By  planing  over  the  whole  cross-sec- 
tion at  "a"  (Fig.  96),  i.e.,  only  from 
the  outer  zone  

0  048 

0.088 

Planing  over  the  section  to  include 
both  outer  arid  inner  /one*; 

o  osr> 

\iit  determined 

From  the  inner  y.mie.  K        

0  1  H) 

0.  KM 
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To  avoid  mistakes  of  this  sort  in  sampling  iron  or  steel  plates, 
not  only  for  chemical  but  also  for  metallographic  work,  the  plaii- 
ings  or  section  should  be  taken  not  at  the  edges  of  the  plate  a-a 
or  6-6  in  Fig.  98  but  at  c-c  or  d-d. 

A  quite  similar  tapering  of  the  inner  zone  toward  the  two  sides 


r 


FIG.  99. — Cross-section  of  hoop  iron. 

is  shown  in  Fig.  99,  the  cross-section  of  an  iron  hoop.     The  total 
cross-section  area  was  1450  sq.  mm.  of  which  t  In- 
Outer  zone  =  780  sq.  mm.  or  67.6  per  cent,  of  the  total  area. 
Inner  zone  =  470  sq.  mm.  or  32.4  per  cent,  of  the  total  area. 


Chemical  analysis  gave: 


TABLE  71 


Samples  taken 

Phosphorus, 

per  cent. 

Sulfur, 

PIT  <-.-nt 

From  outer  zone,  R  
From  inner  zone,  K  

0.083 
0.140 

0.023 
0.028 

After  planing  the  cross-section  

0.100 

0.027 

If  the  average  composition  of  the  sample  is  calculated  from  the 
phosphorus  content  of  each  zone  and  its  proportional  area,  the 
value  found  is  0.10  por  cent.1 

This  agrees  very  closely  with  the  value  found  by  direct  analy- 
sis. In  this  case,  too,  the  effect  of  planing  the  hoop  l(Mi«rt liwisc 
and  at  the  surface  would  have  been  to  cut  only  the  outer  zone  and 
analytical  value  s  would  have  resulted. 


0.10  per  cent,  phosphorus 


470  X  0.140    ,   980  X  0.083 
— I — 


CHAPTER  X 
WROUGHT  IRON 

Tho  samo  rules  hold  for  geuinu;  average  samples  from  wrought 
iron  as  in  the  cases  of  cast  and  ingot  iron.  Whenever  possible  tho 
shavings  should  be  made  by  planing  over  the  whole  cross-section. 

As  wrought  inni  generally  contains  considerable  slag,  which  on 
planing  would  be  reduced  to  a  fine  powder,  all  tho  precau- 
tions for  the  proper  collection  of  borings  described  in  detail  on 
p.  35  should  be  observed,  as  otherwise  serious  losses  can  occur. 

The  powdery  part  is  high  in  oxidic  compounds  and  also  rich  in 
phosphorus  and  silicon.  It  is  necessary  therefore  in  this  case  to 
weigh  out  the  powder  and  the  shavings  separately  in  the  ratio 
of  their  amounts  in  the  sample,  (cf.  p.  60.)  The  following 
illustration  will  explain  this. 

In  sampling  a  wrought -iron  bar,  40  g.  of  shavings  were  obtained 
including  0.905  g.  of  powdery  material. 

Analysis  gave  the  values: 

TABLE  72 


In  the  coarse  shavings, 
per  cent. 

In  the  powder, 
per  cent. 

Carbon 

0  10 

Silicon  

0.09 

Not  determined 

Manganese 

0  21 

Not  determined 

Phosphorus 

0  32 

it  i  > 

Sulfur         

0  03 

Not  oVtrnniiml 

Copper 

0  09 

Not  detemined 

In  sampling  a  wrought -iron  boiler  plate,  42  g.  of  shavings  and 
1.3  g.  of  powder  wen-  <il>tained.  Silicon  and  phosphorus  deter- 
minations gave  the  values: 
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TABLE  73 


[n  the  coarse  part  I  n  th»  powder 


Silicon 

Phosphorus. 


0.06 
0.23 


0.30 
0.37 


The  powder  is  high  in  phosphorus  and  in  silicon. 
The  lack  of  homogeneity  in  wrought  iron  is  due  to  the  method  of 
manufacture.     Much  of  the  material   sold  as  wrought  iron  is 


1  !•;.    100. — Wrought  iron  made  by  busheling  scrap  iron. 

made  by  busheling  scrap  into  a  pile  and  rolling  it  down.  With 
such  material  the  analytical  results  obtained  depend  largely  on 
the  places  from  which  the  samples  are  taken. 

Fig.  100  is  characteristic  of  iron  which  has  been  produced  in 
this  way.  By  etching  with  copper  .-1111111011111111  chloride,  it. can  be 
seen  without  the  microscope  that  the  iron  is  made  up  of  differ- 
ent materials.  Samples  taken  from  different  parts  of  a  similar 


\viun  (,//•/• 
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iron  gave  on  analy-i-  ...ihon  pem-nta^  varyinnfroinO.il   p.-r 

.-.-MI.   t<>  0.  10  pri-  cent.. 

In  the  case  of  puddled  ii-<,n.  t  h«-  di (Terences  are  due  rhiofly  to  the 
distribution  of  the  slag  ami  tli,-  piv<«-m-i.  th.-n-fore  of 
phosphorus-,  silicon-  and  oxygen-rich  SJK.N  in  ih,-  product. 
Fig.  101  is  the  cross-section  of  a  link  of  puddled  iron.     The  very 


FIG.  101.— Puddled  iron. 

dark  spot*  in  dinVivnt  parts  of  the  area  indicate  local  areas  rich  in 
phosphorus.      Analysis  gave: 

TABU    71 


Samples  taken 


Phoaphorua.  per  cent. 


By  planing  over  the  cross-section 

By  boring  in  the  dark  spots 


0.17 

n  :«> 


In  a  boiler  plate,  planing  over  the  section  showed  0.18  per  cent . 

phosphorus,  while  borings  from  the  dark  spots  gave  0.29  per  cent . 

Figs.  102  and  103  show  etched  specimens  of  wrought  iron.     The 
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I  i...    lo-J. 


l-i. ,    L03 
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fairly  uniform  «li>t  rihut  ion  of  the  dark  areas  Over  the  mm- 
faee    in    Fin-.    Hrj    indicate.-*   a    high    average   plio-plmm-    cuiifriil. 
Analysis  gave  ().2."»   per  rent. 

Fig,    in;;  >hows  that  in  this  case  the   areas   rirh   in  phosphorus 

an-  local.      The  valiio  round   were: 

TAIU.I.  7.". 


,|>ll-    tlllv.'ll 

I.IH.MI-.  |M  r 

By  planing  over  the  \\lmlc    cross-section 
Hv  liorin^  in  the  dark  stn-ak- 

0.07 
0.16 

These  illusl  rat  ions  show  that  in  the  same  >peeiineii  of 
iron  great.  dilVerences  of  eomposit  ion  may  occur  in  different  parts 
of  the  eross->eetion  and  of  the  longitudinal  section.  In  contrast, 
to  ingot  iron,  where  the  segregation  is  confined  as  a  rule  to 
definite,  and  sharply  marked  zones,  in  wrought  iron  they  are 
irretrularly  disf  ril»uted  over  the  whole  surface  of  the  section. 

To  obtain  even  an  approximately  representative  sample  of 
wrought  iron  it  is  necessary,  therefore,  to  take  samples  l»y  plan- 
ing over  the  entire  surface  of  various  parts  of  the  piece  and  to 
unite  the  various  shavings.  The  necessity  of  collecting  the  fine 
powder  has  heen  emphasi/ed  already. 

In  wrought  iron,  the  third  significant  figure  is  valuele»  in 
the  percentage  found  hy  analysis  (even  for  phosphorus  and  sul- 
fur) because  of  the  variations  in  the  composition  of  the  original 
material. 


CHAPTER  XI 
SAMPLING  IN  SPECIAL  CASES 

In  some  cases  local  changes  in  the  composition  are  intentionally 
produced  during  manufacture.  Cementation  causes  such  a 
change.  The  purpose  of  this  process  is  to  give  a  hard  surface  to  a 
piece  of  soft  material  by  increasing  its  carbon  content  at  the 

surface. 

In  a  case  of  1  his  kind  an  average  analysis  for  which  the  samples 
are  obtained  by  planing  over  the  entire  cross-section  is  of  little 
value.  The  important  question  is  to  determine  how  much  car- 
bon has  been  taken  up  and  the  depth  of  the  carbon-rich  zone.  In 
all  cases  metallographic  examination  should  be  made  before  the 
sample  is  taken. 

Frequently  the  piece  is  quenched  from  red  heat  after  the  ce- 
mentation process  (case  hardening).  The  outer  layer,  richer  in 
carbon,  becomes  hard,  while  the  inner  core  remains  soft.  If  such 
a  hardened  piece  is  to  be  analyzed  it  must  be  annealed  so  that  it 
may  be  worked.  Special  care  must  be  taken  during  the  annealing 
not  to  lose  carbon  by  surface  oxidation.  The  precautions  to  be 
taken  have  been  described  on  page  36.  Moreover,  care  must  be 
taken  to  avoid  a  t  ransfer  of  the  carbon  from  the  richer  outer  layer 
into  the  interior.  The  annealing  t  ime,  t  herefore,  is  made  as  short 
as  possible  (about  Y±  hr.)  and  the  annealing  temperature  is  to 
be  kept  as  low  as  possible  (750°  to  800°  C.).  If  the  specimen  in 
MM  i^  ordinary  carbon  steel  (not  a  special  steel)  it  may  be 
quenched  in  water  after  the  furnace  temperature  has  fallen  below 
700°,  as  hardening  does  not  take  place  below  the  pearlite  point. 
If  these  precautions  are  taken  during  the  annealing  the  transfer 
of  carl»on  is  very  slight. 

If  the  annealing  furnace  is  kept  at  a  high  temperature  (1000°  or 
higher)  and  the  time  is  unduly  prolonged  (several  hours  for  ex- 
ample) a  marked  diffusion  of  the  carbon  into  the  low-carbon  area 
takefl  place.      The  chemical  and  microscopical  study  then  gr 
\\TMIILL    id«-a    of   the   original   distribution  of  the  carbon    in    the 
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sample.      The  following  illu-t  ration  ihOWl  li«.\\   gTMl    I  hi-  ''hange 
can  be. 

Arnold  ami  M.  \Villiains1  fitted  a  piece  of  steel  with  1.78  per 
cent.  carl>on  into  a  cylinder  of  iron  nearly  fret*  from  carbon  and 
heated  10  hr.  in  a  vacuuni  at  1000°.  Fig.  104  shows  the 
di8tril)iition  of  the  carbon  afier  the  heating.  The  dark  inner 
part  is  the  steel  core  and  the  outer  part  the  iron  shell.  The  circles 
represent  t  he  different  layers  which 
\\ere  removed  successively  and  an- 
aly/ed  for  carbon.  The  inscribed 
percentages  show  clearly  the 
gradual  diffusion  of  the  carbon  from 
the  steel  to  the  soft  iron. 

Metallographic  examination 
shows    with    great    sharpness    the 


FIG.  104. 


li.-irdciirtl 


depth  of  the  carbonized  layer  and  gives  at  least  an  approximate 
idea  of  the  increase  in  carbon  content . 

Fig.  105  shows  with  fourfold  magnification  the  cross- sect  ion  of  a 
small  case-hardened  axle-bearing.  The  thickness  of  the  carbon- 
rich  layer  R  (light  in  the  photograph)  was  about  0.55  mm.  The 
outer  zone  R  contained  0.95  per  cent,  carbon  while  the  core  K 
(dark  in  the  photograph)  had  only  about  0.1  percent.  There  was 
a  fairly  sharp  transition  from  the  high-carbon  content  of  zone  R 
to  the  low-carbon  zone  K  as  shown  in  Fig.  106  with  a  magnifica- 
tion of  117  diameters. 

1  J.  Iron  and  Steel  Institute,  1899,  85. 
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A  similar  change  from  an  outer  zone,  R,  rich  in  carbon,  to  an 
inner  zone,  K,  containing  less  carbon,  is  shown  in  Fig.  107  (magni- 
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FIG    106. — Transition  from  K  to  R. 
M  =  29 
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tied  2'.»  «li:imeiers>.     The  photograph  shows  a  section  of  n  hanl- 
axle.     The  axle  was  annr;ilr<l  before  the  investigation,  as 
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the  outer  /one  was  ^la  —  liar.l  ami  could  not  In-  machine*!.      Tin* 
thickness  of  the  high-rai I»OM  /one  was  only  about  O.H  miii. 
107   also  shows   that    with   a   low   annealing   tempera! im»  and   u 
short  time  of  exposure,   the  danger  of  a  d  illusion  of  carbon  is 
very  slight. 

Two  caae-hardened  steel  l>all<  .1  and  B  showed  a  carbon-rich 
outer  /.one  of  about  I  mm.  thickness.  Analysis  gave  the  fol- 
lowing: 

TABLK  76 


Ball  A 

Ball  B 

Outer  tone, 
per  cent. 

Illlirr 

per  cent. 

Outer  tout-. 
percent. 

per  cent.  ' 

Carl  urn          

0.59 

0.31 

1.25 

u   'r. 

In  all  cases  of  this  type  the  outer,  high-carbon  zone  is  first 
turned  off  after  its  thickness  has  been  determined  by  the  micro- 
scope. Samples  of  the  inner  zone  are  then  taken  by  planing  over 
its  cross-section. 

Long  heating  in  an  atmosphere  rich  in  oxygen  causes  a  change 
exactly  the  reverse  of  that  just 
described;  a  docarbonization  of 
the  outer  layer  takes  place.  Fig. 
108  shows  a  piece  of  cast  steel  in 
natural  size.1  Etching  with  cop- 
per ammonium  chloride  causes  a 
darkening  of  the  core  which  is 
rich  in  carbon  and  thus  gives  a 
good  idea  of  the  depth  of  the  de- 
carbonization.  The  transition 
from  the  decarbonized  outer  layer  to  the  carbon-rich  inner  zone 
is  shown  in  Fig.  109  with  a  magnification  of  117  diameters. 
Microscopic  examination  gives  a  clear  idea  of  tho  amount  of 
decarbonization  without  the  necessity  of  analysis.  Similar 
phenomena  play  a  very  un«lt  >iiable  part  in  t he  behavior  of  tool 
steel.  The  decarbonization  is  often  confined  to  a  very  thin 
layer  or  occurs  locally.  If  this  partial  dccarboni/.ation  takes 

1  E.  Heyn,  Stahl  u.  Eisen,  1908,  No.  10. 


FIG.  108. — Steel  casting  si 
ficially    ilrrarlumi/ril    h\ 

annealing. 
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place  exactly  where  hardness  is  required,  difficulties  arise  which 
can  1)0  overcome  only  if  the  cause  is  known.  A  chemical  analysis 
without  a  previous  metallographic  examination  would  be  value- 
less in  cases  of  this  sort,  where  accidental  and  unexpected  local 
changes  in  the  chemical  composition  of  the  steel  have  occurred. 


I  ).  .   nl.onizcd    < 
/.OIK-  K 


Core  K.  rich  in 
earboa 


109.  —  Transition  from    It 


CONCLUSION  TO  PART  I 

The  typical  examples  described  in  Chapters  VII  to  XI  will 
show  to  what  a  marked  extent  analytical  results  are  dependent 
on  the  method  of  sampling.  It  is  possible  that  the  analytical 
results  may  vary  between  quite  wide  limits,  depending  on  how 
and  where  the  sample  was  taken  (Chapter  VII). 

Naturally  these  conditions  give  rise  to  the  opportunity  for 
unjust  criticism.  This  can  be  successfully  met  by  the  analyst 
only  when  he  is  trained  in  metallography  and  when  the  responsi- 
bility for  the  sampling  as  well  as  for  the  analysis  is  in  his  hands. 
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CHAPTER  1 
CARBON 

<  larbon  occurs  in  iron  and  steel  in  Un- combined  form  as  carbide, 
as  a  solid  solution  ot  iron  carbide  in  iron,  and  in  the  uncombincd 
stale  as  graphite  or  as  temper  carbon. 

Absolutely  reliable  methods  for  t  he  detrrminat  ion  of  combinco! 
carbon  in  the  presence  of  free  carbon  are  not.  known  l>ut  it  i> 
possible  to  (let ermine  the  total  carbon  and  that  which  is  uncnm- 
bined.  In  order,  therefore,  to  determine  the  amount  of  combined 
carbon  in  a  sample,  the  total  carbon  and  free  carbon  are  deter- 
mined separately  and  the  combined  carbon  found  by  difference. 

Graphite  and  temper  carbon  cannot  be  separated  by  chemical 
means.  It  is  possible  in  many  cases,  by  means  of  the  metallo- 
iiraphic  methods  described  in  the  first  part  of  this  book,  to  find 
out  whether  the  free  carbon  is  present  as  graphite  or  as  temper 
carbon. 

DETERMINATION  OF  TOTAL  CARBON 

The  methods  for  the  determination  of  carbon  by  direct  com- 
bustion of  the  sample  give  results  which  are  doubtless  more  ac< Mi- 
rate  than  the  older  methods  based  on  the  removal  of  the  iron 
(by  the  use  of  copper  salt  solutions,  mercuric  salt  solution-. 
chlorine  gas,  etc.)  with  a  subsequent  combustion  of  the  residual 
carbon.1  Since  direct  combustion  methods  are  also  more  rapid 
than  other  methods  they  are  to  be  preferred  to  all  others. 

Direct  combustions  can,  in  general,  be  made  in  one  of  two  ways: 

1.  The  wet  method  (('orleis'  chrome-snlfnric  acid  process)  or 

2.  The  dry  method  (combustion  with  oxygen  in  an  electrically 
heated  tube  furnace). 

1  cf.  Dillncr  in   the  report  on  tin-   various  Methods  for  the    Determina- 
tion of  Carhon  ami   Phosphorus  in   ln»n  and  Steel  l»y  .luptner   v.  .ImistorfT. 
Hl.-iir,  Dillner  ami  Stead.. I.  Iron  and  Steel  lust..  1904,  and  Bull.  Am.  1 
Min.    Kn-.,   1905,  'JS'.laml  648 

1J7 
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1.  COMBUSTION  IN  THE  WET  WAY.      CORLEIS'  CHROME- 
SULFURIC  ACID  METHOD1 

Principle. — Iron  and  steel  samples  of  suitable  fineness  are 
dissolved  by  boiling  with  a  mixture  of  chromic  and  sulfuric  acids, 
which  causes  the  simultaneous  oxidation  of  nearly  all  the  carbon 
to  carbon  dioxide.  A  little  of  the  carbon  is  usually  set  free  as 
carbon  monoxide  or  as  hydrocarbon  unless  cer- 
tain precautions  are  taken.  Corleis  found  that 
the  formation  of  such  carbon  compounds  is 
greatly  reduced  by  the  addition  of  copper  sul- 
fate  solution,  but  it  is  always  best  to  heat  the 
gases  mixed  with  air  in  order  to  be  certain  that 
all  the  carbon  is  in  the  form  of  carbon  dioxide. 
The  carbon  dioxide  formed  is  absorbed  by  soda- 
lime  contained  in  a  U-tube  or  by  caustic  potash 
solution  in  a  Geissler  bulb.  From  the  gain  in 
weight,  the  amount  of  carbon  in  the  sample  is 
calculated. 

Apparatus  and  Necessary  Solutions. — For 
combustion  with  chrome-sulfuric  acid,  the  Cor- 
leis flask  K  with  condenser  is  used  (Fig.  HO).2 
There  is  a  ground-glass  connection  between  the 
condenser  and  the  flask. 

To  keep  the  flask  from  breaking  when  it  is 
heated,  either  support  it  on  wire  gauze  or  cover 
the  bottom  with  asbestos  paper  as  shown  in  l-'iir. 
111.  In  the  latter  case,  cut  out  suitably  shaped 
pieces  of  asbestos  paper  (about  0.5  mm.  thick), 
wet  them  with  water,  stick  them  to  the  bottom 
of  the  flask,  and  allow  them  to  dry  a  little  while  in  a  drying 
closet  at  110°. 

The  arrangement  of  the  entire  apparatus  is  shown  in  Fig.  111. 
Air  is  passed  through  the  apparatus  either  by  applying  suction  at 
W  or  from  a  gasometer  leading  to  M'i.  To  purify  the  air.  place 
concentrated  caustic  potash  solution  (1:1)  in  the  wash  hot  tics 
Wi  and  W*i  and  soda  lime  in  the  t/-tube,  U.  Instead  of  these 

i hi  u.  Eiwn.  14,  881     K94). 

-  The  apparatus  may  be  obtained  from  Hlcckrnann  and  Hur^er,  AiiKiiatatr. 
•  lin,  (irrmany. 


FIG.  110. 


( '.\Kltt  t.\ 


three  lubeB,  :'.  Mii-jlc  snda-liiiie  tourr,  with  mncrnt  ral.-d  BAH 
potash  solution  at    the  hottom   may   In-   u-ed.1 

The  gases  from  t  he  comlni>t  ion  tla-k  pan  lir-i   lhr«.ut:h  a  Mnall 

wash  hot  tic,  S,  containing  concentrated  sulfuric  acid.    The  glass 

tuhing  through  which  the  gas  enters  should  not  dip  into  ihe  sul- 
furic  acid,  hut  should  end  a  few  millimeters  above  the  surface  of 
the  liquid.  This  flask  has  the  function  of  holding  hack  water 
vapor  and  sulfuric  acid  fumes,  from  the  hoiling  solution,  \\ith- 
out  any  danger  of  retaining  appreciahle  quantities  of  the  hydro- 
carbons in  the  sulfuric  acid. 


Fia.  111. 

To  S,  attach  a  small  combustion  tube,  F,  made  of  difficultly 
fusible  glass  or  of  porcelain  and  containing  copper  oxide  or 
platinized  asbestos.2 

If  a  glass  tube  is  used,  wrap  it  in  iron  gauze  to  prevent  it  from 
breaking  when  heated.  The  purpose  of  this  combustion  tube  is 
to  convert  traces  of  carbon  monoxide,  or  of  hydrocarbons,  into 
carbon  dioxide. 

The  use  of  copper  sulfate  in  the  oxidizing  liquid,  however. 
prevents  the  loss  of  more  than  2  per  cent,  of  the  total  amount  of 
carbon  present  in  any  sample  of  ordinary  iron  or  steel.  In 

1  cf.  Trc.-i.lwrll-llall,  Text-book  of  Analyt ic:.l  Chemistry,  Vol.  II.  p- 
400  (I'M  I 

-The   platinum   capillary   combustion   tubes  so  frequently   recoiiiiiicn«lcil 
have   not  given  satisfaction;   on    continued    use   the   platinum   rrystalliies 
and  becomes  permeable  to  gases. 
9 
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commercial  work,  therefore,  this  combustion  tube  may  be  omitted. 
Moreover,  an  inspection  of  the  results  obtained  in  test  analyses 
with  pure  sodium  oxalate  (cf.  p.  136)  shows  that  the  tendency  of 
the  method  is  to  give  results  that  are  slightly  high,  which  is  another 
reason  why  this  combustion  tube  may  be  omitted.  In  that  case, 
connect  the  flask  K  directly  with  a  small  tube  containing  solid 
chromic-acid  anhydride,  between  plugs  of  glass  wool,  and  from 
this  lead  the  gas  into  a  (7-tube  containing  a  few  glass  beads  wet 
with  concentrated  sulfuric  acid.  Place  a  little  glass  wool  in  each 
arm  of  this  C7-tube  to  break  up  any  bubbles  of  sulfuric  acid  that 
may  form  during  the  analysis.  Then,  with  the  omission  of  S  and 
of  V,  the  arrangement  is  the  same  as  shown  in  the  drawing. 

The  last  traces  of  moisture  must  be  removed  from  the  u 
before  the  carbon  dioxide  is  absorbed.     This  is  accomplished  by 
menus  of  the  small   £7-tube,  ui,  containing  calcium  chloride  or 
phosphorus  pentoxide  between  plugs  of  cotton  wool. 

From  this  drying  tube,  the  gases  pass  into  the  weighed  soda- 
lime  tubes  Ni  and  N*,  in  which  the  carbon  dioxide  is  absorbed. 
Usually  all  of  the  carbon  dioxide  is  absorbed  in  the  first  tube. 
If  the  second  tube  begins  to  gain  in  weight,  it  is  a  sign  that 
the  first,  tube  is  nearly  exhausted.  When  this  happens,  refill 
the  first  tube  and  then  use  it  as  the  second  tube  in  the  train. 

When  carbon  dioxide  reacts  with  soda-lime,  water  is  set  free. 
To  prevent  the  loss  of  this  moisture,  each  tube  must  contain  a 
little  calcium  chloride  or  phosphorus  pentoxide.  Fill  the  arm 
through  which  the  gas  enters  with  small  pieces  of  soda-lime  and 
fill  half  of  the  other  arm  with  soda-lime.  Then  cover  the  soda- 
lime  with  a  small  piece  of  glass  wool  and  fill  up  the  tube  with  dry 
calcium  chloride  (or  phosphorus  pentoxide).  In  the  top  of  each 
ami  of  the  (7-tube,  place  a  plug  of  cotton  wool.  The  kernels  of 
soda-lime  and  of  drying  agent  should  bo  from  1  to  !.">  mm.  in 
diameter;  if  much  powder  is  present,  it  must  be  sifted  out  to 
avoid  stopping  up  the  tube.  Too  large  lumps  of  either  soda- 
lime  or  drying  agent  must  not  be  used  and  the  tubes  must  be 
filled  tightly,  or  some  gas  may  escape  that  should  be  absorbed. 

As  an  added  precaution,  the  second  soda-lime  tube  is  connected 
with  a  calcium  chloride  (or  phosphorus  pentoxide  tubei  //j  and 
this  in  turn  is  connected  with  a  safety  wash  bottle,  M".  containing 
concentrated  caustic  potash  solution;  there  is  then  no  chance  of 
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water  vapor  or  carbon  dioxide  being  drawn  back  into  tin-  weighed 
tubes  from  the  al  mo-phei  <-.  Tin-  wash  bottle,  H',  also  serves  to 
indicate  the  rate  at  which  the  gasfcpttttingthrOUgfa  t  hcapparatUH. 

Connections  between  tlic  different  parts  of  the  a  ppa  rat  tm  are 
made  by  rubber  tubing.  Insetting  up  the  apparatus  lake  care 
(hat  all  the  connections  to  the  right  of  the  <  'orlri-  flask  are 
tight  (glass  on  glass);  in  no  case  should  the  en«U  of  the  glass  tub- 
ing he  separated  by  empty  sections  of  rubber  tubing. 

The  following  solutions  are  necessary: 

(a)  Chromic  Acid  Solution. — Dissolve  720  g.  of  chromic  acid 

anhydride,  which  need  not  be  chemically  pure  but  should  be 
practically  free  from  organic  matter,  in  700  cc.  of  water. 

(6)  Copper  Sulfate  Solution.  -Dissolve  100  g.  of  copper su!- 
fate  crystals  in  water  and  dilute  the  solution  to  2  liters. 

Preliminary  Boiling  of  the  Chrome-sulfuric  Acid  Solution. — 
Remove  the  condenser  from  the  flask  A',  and  introduce  35  cc. 
of  t  he  chromic-acid  solution  (a),  150  cc.  of  the  copper  sulfate  solu- 
tion (6)  and  200  cc.  of  concentrated  sulfuric  acid  (sp.  gr.  1.84). 

Replace  the  condenser  and  start  a  stream  of  water  running 
through  it.  Boil  the  mixture  in  the  flask  to  remove  any  organic 
matter  which  may  be  present,  with  the  soda-lime  tubes  discon- 
nected from  the  flask.  While  the  solution  is  boiling,  pass  a  slow 
stream  of  purified  air  through  the  apparatus  and  heat  the  small 
combustion  tube  V.  Boil  the  solution  for  at  least  an  hour  in 
order  to  be  sure  that  in  subsequent  work  no  carbon  dioxide,  or 
other  gases  absorbed  by  soda-lime,  will  be  generated  from  carbon 
in  the  reagents.  Then  remove  the  flame  and  allow  the  apparatus 
to  cool  in  a  current  of  air. 

Before  starting  an  analysis  it  is  advisable  to  run  a  blank  on  the 
apparatus,  to  find  out  how  much  the  soda-lime  tubes  change  in 
weight  without  the  introduction  of  any  substance  to  be  analyzed. 

Blank  Run. — Rub  the  soda-lime  tubes  wit  h  a  piece  of  chamois  or 
a  clean  linen  cloth,  allow  them  to  stand  in  the  balance  case  for  at 
least  half  an  hour,  then  open  the  stopcocks  for  an  instant  to 
equalize  the  pressure  and  weigh  them  accurately  to  0.0002  g. 
Connect  the  weighed  tubes  to  the  rest  of  the  train,  open  the 
stopcocks  and  pass  a  slow  stream  of  air  free  from  carbon  dioxide 
through  the  apparatus.  Boil  the  contents  of  the  Corleis  flask 
and  heat  the  combustion  tube  for  2 or  3  hours  (the  usual  length 
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of  time  for  a  combustion).  Then  remove  the  soda-lime  tubes, 
close  the  stopcocks  and  place  the  tubes  in  the  balance  case.  Re- 
move the  flame  from  beneath  the  Corleis  flask  and  weigh  the 
tubes,  under  the  same  conditions  as  before,  after  they  have  re- 
mained at  least  half  an  hour  in  the  balance  case. 

If  much  more  than  0.001  g.  gain  in  weight  is  found  in  the  blank 
determination,  something  is  wrong.  Besides  possible  impurities 
in  the  chromic  acid,  it  may  be  that  small  particles  of  soda-lime  or 
of  drying  agent  have  lodged  in  the  glass  tubing  beyond  the  stop- 
cocks, either  due  to  a  too  rapid  passage  of  the  air  current  or  to 
faulty  filling  of  the  tubes.  In  such  a  case  the  tubes  would  gain  in 
weight  constantly  if  left  in  the  air,  owing  to  absorption  of  carbon 
dioxide  or  of  water.  Care  should  be  taken,  therefore,  to  see  that 
the  tubing  is  free  from  soda-lime  or  drying  agent.  If  necessary, 
the  inside  of  the  tubes  may  be  wiped  clean  with  small  rolls  of  filter 
paper. 

Slight  gains  in  weight  in  the  absorption  tubes, which  are  almost 
always  observed  in  the  blank,  should  be  allowed  for  in  the  deter- 
mination. For  further  information  on  this  point  see  p.  135  and 
Table  77. 

Procedure. — While  the  acid  solution  in  the  flask  is  cooling, 
weigh  the  soda-lime  tubes  as  previously  described  and  also 
the  sample  of  iron  or  steel,  the  carbon  content  of  which  is  to  be 
determined. 

The  weight  of  sample  taken  for  analysis  should  be  determined 
by  its  probable  carbon  content.  Of  cast  iron,  with  3  per  cent,  or 
more  of  carbon,  take  1  g.;  of  steel  with  0.3  per  cent,  or  more  take 
3  g. ;  and  of  mild  steel  or  wrought  iron  take  5  g.  l  Weigh  the 

1  In  weighing  out  samples  it  is  a  waste  of  time  to  weigh  accurately  to 
decimal  places  beyond  those  which  affect  the  analysis.  In  the  determina- 
tion of  carbon  in  steel,  the  absolute  accuracy  is  determined  largely  by  tin* 
degree  of  accuracy  to  which  the  soda-lime  tubes,  used  for  absorbing  the 
carbon  dioxide,  can  be  weighed.  Unless  particular  precautions  are  taken, 
such  as  reducing  the  weighings  to  vacuum,  etc.,  the  difference  between  the 
weights  of  the  soda-lime  tubes  before  and  after  the  analysis  cannot  be  as- 
sumed to  be  nearer  than  0.001  g.  to  the  truth.  As  a  general  rule,  the  next  to 
the  last  significant  figure  in  any  value  should  not  vary  by  more  than  <>? 
two  units.  According  to  thi^  rule,  therefore,  tin-  soda-lime  tubes  should  be 
writhed  as  carefully  as  possible  to  four  decimal  places,  which  is  possible  with 
the  usual  analytical  balance.  In  the  case  of  a  sample  of  steel  with  1 
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sampleinto  a  porcelain  crm-il.!.',  a  ghuss-stoppered  weighing  tube, 
or,  if  it  ran  'or  oht.-iiiird  in  powder  form  (e.g.,  gray  cast  iron),  into 

a  small  gl:is>  lnn-ki-t    which   can   !»•  -usprndrd,   by  in-  Inn- 

plat  ilium  wire,  from  the  hook  which  is  usually  provided  on  the  end 
of  the  condenser,  so  that  the  sample  is  immei>ed  in  the  liquid  in 
the  flask.1  After  the  rhmme-sulfurir  acid  solution  has  cooled 
sufficiently,  connect  the  sod:i-lime  tubes  with  tlie  apparatus 
and  pour  a  little  sulfuric  acid  into  the  funnel  at  the  top  of  the 
condenser  to  act  as  a  seal;  then  test  tin  entire  apparatus  to  H< 
it  is  tight.  To  do  this,  close  all  the  stopcocks  in  the  absorption 
train  and  open  the  cock  at  the  air  supply  to  the  (  Orleis  flask. 
After  a  short  time  no  more  bubbles  should  pass  through  the  (  tor- 
leis  flask.  If  bubbles  do  form,  a  leak  is  indicated  between  the 
Corleis  flask  and  the  phosphorus  pentoxidetubew.  Whenthissec- 
tion  is  found  to  be  tight,  open  the  first  stopcock  in  the  calcium 
chloride  (or  phosphorus  pent  oxide)  tube;  if  after  waiting  a  short 
time  the  current  of  air  through  the  ( -orleis  flask  again  stops,  open 
the  next  stopcock  and  so  on  up  to  the  last  stopcock  on  the  final 
calcium  chloride  tube  uz.  After  the  apparatus  has  been  shown 

per  cent,  carbon,  a  3  g.  sample  will  yield  0.110  g.  of  carbon  dioxide  and  an 

error  of  0.(K)1  g.  in  this  weight  will  correspond  to  0.01  per  cent,  carbon,  or 
tn  one  hundredth  of  the  entire  carbon  content.  This  precision  is  satis- 
factory here.  An  error  of  0.03  g.  in  the  original  weight  would  correspond 
to  the  same  fractional  error.  If,  therefore,  the  original  sample  is  weighed 
tn  the  nearest  centigram,  any  error  introduced  by  neglecting  the  following 
decimal  places  will  not  have  an  appreciable  effect  upon  the  final  result  and 
any  balance  accurate  to  0.01  g.  can  be  used  for  weighing  out  the  sample. 
It  is  not  only  a  waste  of  time,  hut  unscientific  in  principle,  to  determine  values 
smaller  than  those  which  have  a  noticeable  effect  upon  the  result. 

In  weighing  out  smaller  samples  it  is  usually  necessary  to  weigh  mor 
curately  hut  with  cast  iron  the  sample  is  rarely  perfectly  homogeneous  so 
that  in  carbon  determinations  even  with  a    1   g.  sample,  it   is  sufficient  if 
the  original  weighing  is  accurate  to  0.01  g. 

1  For  obtaining  representative  samples  and  for  the  method  of  weighing 
small  samples  for  analysis  the  precautions  mentioned  in  the  first  part  of 
the  book  (cf.  p.  59)  should  be  taken. 

The  shavings  for  the  combustion  with  chrome-sulfuric  acid  treatment 
should  not  be  more  than  1  mm.  thick  if  the  combustion  is  to  be  finished  in 
2  or  3  hr.  Thicker  pieces  should  be  hamim-ml.  bioken  or  rolled  Ix'fore 
cutting.  Hani  drawn  wire  or  high-silicon  tungsten  steel  often  requires  3  or 
4  hr.  for  combustion  even  if  it  is  finely  divided. 
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to  be  tight1  and  the  air  supply  has  been  shut  off,  slowly  open  the 
last  stopcock  so  that  the  excess  of  air  will  escape  from  the 
apparatus  without  rushing.  A  sudden  rush  of  air  might  carry 
calcium  chloride  (or  phosphorus  pentoxide)  dust  either  into  or 
out  of  the  weighed  tubes,  in  each  case  causing  a  change  in  weight. 

When  the  excess  of  air  has  escaped,  remove  the  condenser  and 
pour  the  weighed  sample  into  the  flask,  or,  if  the  sample  has  been 
weighed  into  a  small  glass  basket,  hang  this  on  the  hook.  Replace 
the  condenser  at  once  and  pour  a  little  strong  sulfuric  acid  over 
the  connection  between  the  condenser  and  the  flask  to  make  a 
ti'^ht  joint.  Raise  the  condenser  again,  just  a  trifle,  so  that  a 
little  of  the  sulfuric  acid  can  run  into  the  flask  to  wash  down  any 
particles  of  the  sample  which  may  have  stuck  to  the  glass. 

Now  light  the  gas  under  the  combustion  tube  V  and  cause  a 
slow  stream  of  air,  free  from  carbon  dioxide,  to  pass  slowly  through 
the  apparatus.  Heat  the  Corleis  flask,  slowly  at  first,  until  the 
acid  boils.2 

Continue  the  boiling  for  about  3  hr.,  which  is  usually 
long  enough  to  insure  the  complete  solution  and  oxidation  of  the 
sample,  unless  it  was  in  too  coarse  a  condition.  During  this  time 
the  apparatus  should  be  watched  to  see  that  the  acid  does  not  boil 
too  violently,  and  that  the  air  is  run  at  the  proper  rate,  not  more 
than  three  bubbles  a  second.  At  the  start  if  the  contents  of  the 
flask  are  heated  too  quickly,  particularly  just  before  the  solution 
boils,  there  is  some  danger  of  liquid  sucking  back  toward  the  puri- 
firatinn  train.  This  is  prevented  by  lowering  the  flame  mid  in- 
creasing t  he  speed  of  the  air  current.  If,  by  accident,  some  of  t  he 
liquid  gets  back  into  the  tube  U,  the  determination  is  spoiled. 
During  the  last  15  min.  of  the  boiling,  it  is  well  to  increase 

1  If,  instead  of  using  an  air  reservoir  in  the  experiment,  suction  is  applied 
at  the  other  end  of  the  train,  the  manner  of  testing  for  leaks  is  the  reverse. 
Gentle  suction  should  be  used  in  making  the  test  and  care  should  be  taken 
not  to  let  the  air  in  too  rapidly  after  the  test. 

2  The  current  of  air  must  l>e  started  as  soon  as  the  sample  has  been  intro- 
duced.     As  the  cold  chromic-acid  mixture  has  slight  oxidizing  power  it   is 
possible  for  small  amounts  of  hydrogen  and  hydrocarbon*   to   form.     If 
thes.  not  diluted  and  removed  by  the  air  current,  they  form  mix- 
tures with   the  air  in   the  apparatus  which,  at  certain  concentrations   of 
hydrogen  and  hydro, •:irl>im.  may  explode  in  the  combustion  tube. 


the  rate  ;it  which  tin-  air  is  passing  so  that  it  will  drive  over  the 

laM  traces  of  rail  .on  dioxide  in  in  the  absorption  train. 

When  tin-  combuMioii  is  complete,  Mop  tin-  current  of  air  and 
turn  out  the  ga-  flaim-.  (  '!<•>(•  the  stop-cocks  of  all  the  U-tubcs 
tliat  are  in  front  of  the  tla>k  and  remove  t  lie  soda-lime  tubes. 
Allow  t-hese  tube>  to.  Main!  ill  1  he  I  »alaiice  case  for  at  least  half  an 
hour  and  weigh  them  with  the  usual  precautions. 

When  the  contents  of  the  <  'mln-  Mask  have  COOlcd,  remove  the 
condenser  and  observe  carefully  whether  there  is  any  undi.-solved 
sample  in  the  bottom  of  the  flask.  In  case  of  doubt,  this  can  be 
easily  seen  by  pouring  ihe  contents  of  the  flask  into  a  large  beaker 
containing  considerable  water.  In  most  cases  this  is  unnecessary 
and  the  solution  may  be  used  again  for  another  determination. 
The  quant  it  ies  of  reagents  used  are  sufficient  for  the  combustion 
of  at.  least  10  g.  of  steel. 

If  some  undissolved  material  should  be  noticed  in  the  bottom 
of  the  flask,  it  is  necessary  on  repeating  the  experiment  to  use 
finer  material  or  to  continue  the  boiling  for  a  longer  period.  In 
no  case,  however,  is  it  permissible  to  sift  a  sample  of  cast  iron 
because  the  fine  powder  is  likely  to  contain  more  graphite  than 
the  larger  particles.  Some  kinds  of  iron  alloys  will  not  dissolve 
in  the  acid;  the  carbon  in  such  alloys  should  not  be  determined  by 
this  method. 

Computation.  —  If  p  represents  the  gain  in  weight  of  the  soda- 
lime  tube  (or  tubes)  in  the  analysis  of  a  sample  weighing  N  g..  t  hen 


Per  cent.  C 


Test  Analyses,  (a)  Results  of  Blank  Tests.  —  In  five  experi- 
ments, blanks  were  run  for  3  hr.  with  chrome-sulfuric  acid 
mixture  which  had  been  given  a  preliminary  boiling  of  1  hr. 
The  first  soda-lime  tube  gained  in  weight  0.0017,0.0020,0.0022, 
0.0010  and  0.0030  g.  On  an  average,  therefore,  the  first  tnl>e 
gains  0.0030  g.  in  weight  during  :*  hr.  boiling,  t'nless  an  allow- 
ance is  made  for  this,  the  results  obtained  in  the  analysis  of  a 
sample  of  steel  weighing  3  g.  will  be  0.02  per  cent,  too  high. 

The  above  values  were  all  obtained  with  five  different  portions 
of  the  acid  mixture.  Using  one  and  the  same  portion  of  the  acid 
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and  boiling  for  varying  lengths  of  time,  the  following  changes  in 
weight  of  the  two  soda-lime  tubes  were  observed. 

TABLK  77 


Chrome-sulfuric  acid,  previously  boiled 

for  1  hr. 


Guin  in  weight  in  g. 


Soda-lime,  tube  1  Soda-lime,  tube  2 


Boiled  1  hr.  more  
Boiled  2  hr.  more.  .  .  . 

0.0009 
0.0018 

0.0002 
0  0005 

Boiled  3  hr  more 

0  0010 

0  0001 

Boiled  3  hr.  more  
Total  gain  in  9  hr 

0.0016 
0  0053 

0.0008 
0  0016 

It  is  evident  that  the  weight  changes  in  the  second  tube  are  usually 
within  the  experimental  error. 

(6)  Experiments  with  Pure  Sodium  Oxalate. — Sodium  oxalate 
is  now  being  used  as  a  standard  in  volumetric  analysis.  It  may 
be  used  equally  well  to  test  the  accuracy  of  a  combustion  method. 

In  the  following  experiments  the  pure  sodium  oxalate  was 
weighed  into  a  little  glass  bucket  which  was  suspended  from  the 
hook  on  the  end  of  the  condenser  in  the  Corleis  flask.  In  ex- 
periments 9  to  12,  water  was  substituted  for  the  copper  sulfate 
solution  and,  as  expected,  this  had  no  appreciable  effect  on  the 
results  in  the  absence  of  metal. 

TABLE  78 


1 

: 

4 
5 
6 

7 
8 

g 

ID 
11 

12 

Weight 
Na,CK)4 
in  g. 

Calrul.-it-l 
weight  of 

COi 

Observed  gains  in  weight 

Increase-  ovrr  calculated 
\\cight 

Tube  1 

Tube  L'                  Tube   1 

Tube  2 

0    1045 

0.1000 
0.2000 
0.2000 
0.3000 
(i  :;()00 
0.3954 
0.4047 
0.1000 
0   1000 
0    1000 

'**) 

0.0686 
0.0<>:,7 
0.1313 
0.1313 
0.1970 
0.1970 
0.2597 
0.2658 
0.0657 
0.0657 
0.0<i.->7 
0    I'I7<) 

0.0707 
0.0660 
0.1325 
0.1328 
0.1997 
0.1755 
0.2418 
0.2651 
O.OT.71 
0.0683 
0.0673 
0.1975 

0.0010 

0.0021 
0.0003 
0.0012 

o.ooi:. 

0.0027 

0.0010 

0.0013 
0.0008 
0.0223 
0.0205 
0.0016 

0.0013 
0.0008 
0.0008 
0.0026 
0.0009 



0.001  1 
0.0026 
0.0016 
0.0005 

0.0004 

0.0004 
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The  experimental  n-uh-  -h«.\vn  in  Table*  78  justify  the  follow- 
ing entirliiH<> 

1.  The  slight   gains  in  \\rinht   in  the  seeond  tnln-  need  not   In- 
rnn-idered    in    calculating   the   earlx.n    content   except    in    those 
cases  (Exp.  6  to 8)  in  which  t lie  contents  of  the  first  tuU»  have  be- 
come «»  tn  exhausted  that  it  is  no  longer  able  to  retain  all  the 
carlion  dioxide. 

2.  If  t  lie  first  tube  is  not  exhausted,  all  of  the  carhon  dioxide  is 
al.sorlied  l>y  it ;  the  gain  in  weight  of  the  first  tube  is  then  slightly 
greater  than  corresponds  to  the  theoretical  quantity  of  carlion 
dioxide.     Since  the  sodium  oxalatc  sample  was  known  to  be  pure, 
the  trouble  cannot  be  traced  to  the  sample.     Aside  from  pos- 
sible errors  in  weighing,  the  average  of  many  deienninat,ions  made 
at  different   times  corresponds  to  an  excess  weight  of  about  0.002 
g.,  or  practically  the  same  as  was  obtained  in  the  blank  run. 

It  may  be  assumed,  then,  that  the  weight  of  carbon  dioxide 
found  in  the  combustion  of  iron  or  steel  will  usually  be  a  few 
hundredths  of  1  per  cent,  higher  by  the  chrome-sulfuric  acid 
method  than  by  other  combustion  methods,  unless  a  correction 
for  the  blank  is  made.  Assuming  an  average  excess  weight  of 
0.002  g.  the  error  will  amount  to: 

0.05  per  cent,  with  a  sample  weighing  1  g. 
0.02  per  cent,  with  a  sample  weighing  2  g. 
0.01  per  cent,  with  a  sample  weighing  5  g. 
(See  also  the  carbon  values  in  Table  79) 

(c)  Experiments  with  Different  Kinds  of  Material. — The  re- 
sults of  a  number  of  determinations  are  shown  in  Table  79  on 
page  138. 

NOTES. — In  experiments  o  and  b  of  sample  4  the  shavings  made  l>\  plan- 
ing were  boiled  for  t  hr.  with  the  chromo-fiulfuric  acid  mixture.  At  tin* 
end  of  the  run  it  was  found  that  some  unattackcd  material  \v:u»  left,  especially 
in  experiment  a.  The  determinations  were  therefore  repeated  after  the 
sample  had  been  more  finely  divided  by  hammering  and  cutting.  After 
boiling  for  4- }%  hr.  nothing  remained  but  transparent  flocks  of  gelatinous 
silica  having  the  form  of  the  original  sample. 

In  sample  5  (chrome-tungsten  steel  in  the  form  of  fine  turnings)  large 
quantities  of  yellow  tungstic  acid  separated  during  the  l>oilirig  and  caused 
a  violent  bumping  of  the  solution.  No  undeoompoaed  material  was 
found  Ml'ter  1  hr.  heating. 
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TABLE  79 


No. 

Material 

Exp. 
No. 

Weight 
in  gr. 

Gain  in  weight 

Per  cent, 
carbon 

Per  cent. 
C  after  de- 
<lucting 
0.002  K. 
from  weight 

Tube  1 

j 

Tube  2 

1 

Soft  ingot 
iron 

a 
6 

4.000 
4.000 

0.0093 
0.0085 

[0.0007] 

[0.0009] 

0.06 
0.06 

0.05 
0.04 

2 

High  carbon 
steel 

a 
6 

3.000 
3.000 

0.1422 
0.1420 

[0] 
[0] 

1.29 
1.29 

1.27 

1    '27 

3 

Nickel  steel 
with  24  per 
cent,  nickel 

a 
b 

3.000 
3.000 

0.0820 
0.0845 

[0.0012] 
[0.0015] 

0.75 
0.77 

0.73 
0.75 

4 

Silicon    steel 

a 

3.000 

0.0720 

0.0003 

0.65 

0.64 

with  1.65  per 
cent,  silicon 

b 
c 
d 

3.000 
3.000 
3.000 

0.0832 
0  0843 
0.0845 

[0.006] 
[0] 
[0.0003] 

0.76 
0.77 
0.77 

0.74 
0.75 
0.75 

5 

Chrome-tung- 
sten steel  with 
high  tungsten 

a 
b 

3.000 
3.000 

0.0889 
0.0898 

[0.0008] 
[0.0011] 

0.81 
0.82 

0.79 
0.80 

6 

Gray  cast  iron 

a 
b 

1.000 
1.000 

0.1563 
0.1570 

[0.0011] 
[0.0006] 

4.26 

4.28 

4.21 
4.23 

ACCURACY  OF  THE  VALUES  FOUND  BY  THE  CHROMI -:->i  i  i nu« 
ACID  METHOD 

Allowing  for  differences  in  the  composition  of  the  sample 
discussed  in  Part  I  of  this  book,  the  errors  which  may  occur  in  t  he 
chrome-sulfuric  acid  method  are  traceable  chiefly  to  errors  in 
weighing  and  to  the  gain  in  weight  of  the  soda-lime  tube  from 
some  source  other  than  the  carbon  in  the  sample. 

Assuming  that  the  errors  of  weighing  are  not  greater  than 
±0.001  g.  and  that  the  first  soda-lime  tube  has  an  average  weight 
of  0.002  g.  too  high  (see  the  results  of  the  blank  and  the  experi- 
ments \\ith  sodium  oxalato)  the  total  error  in  a  properly-conducted 
analysis  probably  lies  between  -f 0.001  to  +0.003  g.  curium 
dioxide. 

The  error  in  all  cases  would  be  found  in  the  second  decimal 
place  of  the  calculated  percentage  and  would  l»e.  for  example,  !><•- 
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tween  o.oi  and 0.08  per  cent,  \\nh  a  :^. -ample  ,,r  U-tween  0.005 

and  O.OL>  per  cent.   \\iili  a  5  g.  sample. 

Il  follows  fnnn  this  thai  the  carbon  content  is  uncertain  in  the 
second  decimal  and  it  is  sometimes  customary,  for  this  reason, 
to  write  the  second  figure  small. 

The  use  of  a  third  decimal,  except  in  such  cases  where  very  un- 

U-iial    pi'ecaiilions   have   been    taken.   \A  not  Only  Unnecessary    l)llf 

also  shows  that  the  analyst  is  ignorant  of  the  probable  error  of 

the  method. 

If  the  carbon  determination  is  carefully  carried  out,  the  follow- 
ing values  may  be  taken  as  permi--ible  variations  in  the  analysis 
of  samples  weighing  about  3  g. 

With  a  carbon  content  Greatest  allowable  deviation 
from                  to 

0.02          0.15  per  cent.  ±  0.005  per  cent 

0.15  1.00  per  cent.  ±001    percent. 

1.00  2.00  per  cent.  ±0.02    JMT  cent. 

2.00  and  higher  per  cent.  ±  O.o:>    per  cent. 

Greater  accuracy,  as  for  example,  that  given  by  Bischoff1  for 
low  carbon  material,  can  scarcely  be  attained. 

APPLICABILITY  OF  THE  CHROME-SULFURIC  ACID  PROCESS 

The  chrome-sulfuric  acid  method  is  suitable  for  all  sorts  of 
irons,  steels  and  special  steels  as  well  as  for  numerous  other  metals 
and  alloys  used  in  the  steel  industry.  The  following  substances 
can  be  decomposed  without  leaving  a  residue;  fern  ^manganese, 
chrome-manganese,  ferro- vanadium,  ferro-molybdenum,  ferro- 
titanium,  manganese-titanium,  ferro-boron,  metallic  nickel  and 
metallic  molybdenum  in  the  form  of  fine  powder.  The  method 
cannot  be  used  for  the  following  materials  which  are  sear«  ly 
attacked  after  4  hr.  treatment;  fen<>->ilicon,  ferro-tunn-'en. 
metallic  tuniisten,  ferro-phosphorus,  ferro-chromium,  and  metallic 
molybdenum  either  as  wire  or  as  sheet. 

1  Stahl  u.  Eisen,  22,  727. 
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2.  DETERMINATION   OF   CARBON  IN  THE  DRY  WAY  BY  DIRECT 
COMBUSTION  IN  OXYGEN 

(COMBUSTION  IN  AN  ELECTRICALLY  HEATED  TUBE  FURNACE) 

Principle. — On  heating  iron  and  steel  to  about  1100°  or  1200°  in 
a  current  of  oxygen,  the  metal  is  oxidized  completely  to  ferric  oxide 
and  any  other  elements  that  may  be  present  are  also  changed  to 
oxides.  Of  these  latter  elements  carbon  and  sulfur  form  volatile 
compounds  which  can  be  absorbed  and  determined.  With  excess 
of  oxygen,  carbon  forms  carbon  dioxide  and  sulfur  either  the  diox- 
ide or  the  trioxide. 

If  the  evolved  gases  were  absorbed  directly  in  a  soda-lime  tube 
and  the  carbon  content  calculated  from  the  gain  in  weight,  the 
results  might  be  too  high,  due  to  the  sulfur  present,  or  too  low  be- 
cause of  insufficient  oxidation  (formation  of  carbon  monoxide). 

In  order  to  determine  carbon  accurately,  therefore,  the  gases 
must  be  freed  from  oxides  of  sulfur  by  suitable  means  and  any 
carbon  monoxide  must  be  oxidized  to  dioxide  before  the  absorp- 
tion train  is  reached.1 

Apparatus. — For  heating  the  porcelain  or  quartz  tube  in  which 
the  combustion  takes  place,  a  horizontal  tube  furnace  with  vari- 
able resistances  and  connection  with  a  high-tension  electric 
circuit  is  desirable. 

If  many  carbon  determinations  are  to  be  made  a  tube  furnace 
of  large  diameter  is  recommended;  several  porcelain  tubes  can  be 
heated  in  it  at  the  same  time  and  with  the  use  of  only  a  little  more 
cm  rent.  A  platinum,  platinum-rhodium  thermoelement-  with  a 
milli  voltmeter  is  used  to  measure  the  temperat  me-  in  the  furnace.1 

1  See  Miiller  and  Diethelm,  Z.  angew.  Chem.,  23,  2114  (1910). 

2  For  further  details  consult  Le  Chatelier's  "High-temperature  Measure- 
n K -i its"  (Boudouard-Burgess). 

3  The  cost  of  equipping  an  apparatus  for  combustion  in  the  electric  tube 
furnace  is  shown  approximately  in  the  following  tablr  taken  from  the  catalog 
of  Heraeus  of  Hanau,  Germany. 

1  Horizontal  tube  furnace  50  mm.  wide,  30  cm.  long,  about  $20.00 

Platinum  necessary  (about  10  g.),  about $17.50 

1  Adjustable  resistance  box,  about $20.00 

1  Thermoelement  with  protecting  tube,  about    $15.00 

1  SiiMiians-Halske  galvanometer,  about 

This  turn.-..-.'  will  give  temperatures  from  1100°  to  1200°  with  about  10 
amp.  of  current  at  2'JO  volts. 


i     !/. 
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To  avoid  overloading  the  furnace  at  tin-  beginning  <»f  ihr  heat- 
ing it  is  best  to  have  an  ammeter  in  the  circuit. 

The  combustion  itself  takes  place  in  a  tube  made  of  quarts  or 
gla/ed  porcelain.  The  tube  contains  a  little  coarse  copper  oxide 
and  some  clironiate  mixture.  To  prepare  the  latter,  mix  to- 
p-flier '.)  parts  of  potassium  chroinate  with  1  part  of  pOtafiSIUin 
dichromate.  heat  till  wintered  in  a  porcelain  crucible  and  grind  the 
sintered  mass  to  a  coarse  powder.  This  charge  would  at  once 
melt  and  lose  its  efficiency  if  placed  in  the  hottest  part  of  the  tube; 


Line  Voltage 


Galvftuutucter 
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in  the  par!  that  projects  from  the  furnace  it  is  heated  by  radiation 
sufficiently  to  effect  the  conversion  of  any  carbon  monoxide  to 
dioxide  and  of  any  sulfur  dioxide  to  sulfuric  acid  anhydride  which 
is  retained  by  the  chromate  mixture. 

Place  a  loose  plug  of  ignited  asbestos  just  at  the  end  of  the  part 
of  the  tube  that  is  inside  the  furnace,  after  this  a  layer  of  copper 
ox ide  about  2cm.  long  and  then  an  equally  long  layer  of  chroma  te 
mixture,  also  between  asbestos  plugs.  The  copper  oxide  is  less 
fusible  than  the  chromate  mixture.  If,  however,  it  reaches  the 
hot  part  of  the  tube  and  melts,  the  tube  is  likely  to  crack  on 
cooling. 

\  -ketch  showing  the  connections  for  the  tube  furnace  and  for 
the  thermoelement  is  given  in  Fig.  112. 

The  arrangement  of  the  entire  apparatus  is  shown  in  Fig.  1  l.'J. 
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i  UUKM  I  i:* 

it-  differed  parti  will  he  de-mbed  n,  suooeaakMi  ami  in  the  . 

lion   of   tin-   current    of  oxygen.1 

The  oxygru  i-  kept  in  a  gasomrtn  filled  from  a  tank  of  com- 
pressed gas.  In  order  to  purif\  the  oxygen  from  f  In*  gasom.  •»»  r 
it  passes  first  through  several  wash  ho!  I  Irs  containing  rimcru- 
t rated  caustic  potash  solution  (1:1)  thru  through  a  huge  >oda- 
linir  tuhr  ami  finally  through  a  tul>r  containing  calcium  chloride 
(or  phosphorus  prntoxi«ln.  A  pircr  of  rubber  lulling  closed  with 
a  pinch-cock  leads  from  the  last  drying-tul»r  to  t  hr  combustion 
tuhr  or,  in  case  several  tubes  are  used  in  one  furnace,  thi>  nibU-r 
tubing  leads  to  a  forked  glass  tube  and  from  then-  to  the  different 
porcelain  tubes.  Tin-  porcelain  tubes  and  the  thermoelement  in 
its  protecting  tube  are  held  firmly  in  the  openings  of  the  furnace 
with  the  aid  of  asbestos  wool;  take  care  that  the  tubes  do  not. 
come  in  direct  contact  with  one  another  or  with  t.he  walls  of  the 

furnace.     A  g 1  method  of  keeping  the  t ubes  apart  is  to  U 

thick  piece  of  asbestos  board  with  holes  corresponding  to  the 
number  of  tubes  used  and  through  which  the  tubes  will  project 
from  both  ends  of  the  furnace. 

The  thermoelement  should  extend  far  enough  into  the  furnace 
so  that,  its  junction  will  be  in  the  hottest  part  of  the  tube.  The 
wires  of  the  thermoelement  are  connected  with  the  poles  of  the 
galvanometer  and  by  closing  the  switch  in  the  main  circuit  it  is 
possible  to  tell  whether  the  connections  are  correctly  made. 
The  pointer  should  move  toward  the  scale.  Place  the  porcelain 
tubes,  filled  with  copper  oxide  and  the  chromate  mixture,  in  the 
furnace  with  the  filled  parts  at  the  front  ends,  farthest  away  from 
the  oxygen  tank,  so  that  the  oxygen  passes  first  through  the  empty 
part  of  the  tube,  in  which  the  combustion  boat  is  to  be  placed, 
then  through  the  copper  oxide  and  chromate  mixture,  and  finally 
into  the  absorption  train.  The  first  tube  in  the  train  contains 
calcium  chloride  (or  phosphorus  pentoxido)  to  absorb  moisture 
from  the  gases  and  the  two  tubes  following  are  filled  with  soda- 
lime  and  calcium  chloride  (or  phosphorus  pentoxide)  to  absorb 
carbon  dioxide.  These  tubes  are  filled  and  handled  exactly  as  in 
the  chrome-Sill  f  uric  acid  met  hod  (p.  l!iO>.  Attach  a  safely  tube 

1  The  end  at  which  tin-  gas  leaves  the  apparatus  is  usually  <-:ill.-<l  the  front 
etui  of  a  roniiiuMiuii  train.  The  tram  \\ill  be  described  from  back  to 
front, 
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of  concentrated  sulfuric  acid  to  the  last  soda-lime  tube,  to  pre- 
vent any  moisture  from  getting  back  into  the  tube  in  case  the 
gases  should  suck  back.  This  tube  also  serves  to  indicate  the 
rate  at  which  the  gases  are  passing. 

Porcelain  tubes,  glazed  on  the  outside  only,  or  quartz  tubes, 
may  be  used  for  the  combustions.  If  the  furnace  is  30  cm.  long, 
tubes  of  50-cm.  length  are  used.  A  furnace  with  an  internal  di- 
ameter of  50  mm.  will  hold  a  thermoelement  and  three  combustion 
tubes  of  12  mm.  outside  diameter. 

The  porcelain  boats  used  in  the  combustion  for  holding  the 
sample  should  preferably  be  of  unglazed  material.  To  avoid  any 
possible  fusing  of  the  boat  to  the  inner  wall  of  the  tube,  even  when 
boats  glazed  on  the  outside  are  used,  it  is  a  good  plan  to  wind 
pieces  of  asbestos  fiber  around  the  boat  about  1  cm.  from  each 
end.  When  the  boat  is  introduced  into  the  tube  these  fibers 
prevent  it  from  coming  in  direct  contact  with  the  tube  walls. 

Procedure. — After  weighing  the  soda-lime  tubes,  using  the 
precautions  described  in  the  chrome-sulfuric  acid  method, 
weigh  the  sample  into  a  boat  which  has  been  previously  wound 
with  asbestos  fibers  and  ignited.  For  iron  and  steel  samples  with 
high-carbon  content,  a  weight  of  1  g.  is  usually  sufficient  and  this 
can  be  spread  on  a  boat  7  cm.  long,  8  mm.  wide  and  5  mm.  deep. 
For  weighing  larger  samples  (2  or  3  g.)  which  are  necessary  with 
low-carbon  material,  boats  about  13  cm.  long,  7  mm.  wide  and  <> 
mm.  deep  should  be  used.  Take  care  in  filling  the  boat  not  to 
let  pieces  of  the  sample  project  over  the  edge,  as  the  molten 
oxide  formed  during  the  combustion  will  then  drop  off  and  come 
in  contact  with  the  inside  of  the  tube.  The  very  coarse  shavings 
which  sometimes  form  in  taking  the  sample  cannot  be  used  on  this 
account  and  must  be  brought  into  a  denser  and  flatter  form  l>y 
hammering  in  a  diamond  mortar. 

It  is  best  not  to  have  the  sample  too  fine.  Fine  shavings  and 
powder  burn  very  easily,  to  be  sure,  but  the  combustion  starts 
so  quickly  and  proceeds  so  rapidly  that  there  is  danger  of  there 
being  an  insufficient  oxygen  supply  (formation  of  carbon  mon- 
oxide) and  -there  is  also  danger  of  the  liquid  in  the  last  flask  suck- 
ing hack,  unless  the  rate  of  flow  of  the  oxygen  i>  increased  quickly. 
The  combustion  goes  less  violently  hut  completely  with  • 
shavings  or  thick  pieces.  Pig  iron  chips,  2  mm.  thick,  will  burn 
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readily  in  the  electric  furnace,  whereas  pieces  of  tin-  same  si/e 
will  be  attacked  Maroety  at  all  by  1  lir.  t  n-:tt  ment  with  the 
ehrome-sulfuric  acid  mixture. 

While  the  soda-lime  tul>es  and  the  sample  arc  being  weighed, 
pass  a  slow  current  of  oxygen  through  the  previously  ignited 
lain  (or  quartz)  tube.  Connect  the  closed  soda-lime  till** 
in  place,  push  the  boat  with  t  he  sample  to  the  center  of  the  tulx- 
by  means  of  a  suitably  bent  wire  or  a  glass  rod,  stopper  the  tube 
and  mak<  a  test  to  see  if  the  apparatus  is  tight.  For  this  purpose 
first  open  the  stopcock  next  to  the  furnace  and  allow  oxygen  to 
pass  into  the  apparatus  until  no  more  bubbles  pass  through  the 
wash  bottle  from  t  he  gasometer.  If  t  he  apparatus  is  found  to  be 
tight  up  to  this  point,  open  the  next  stopcocks  in  the  tubes  of  the 
train,  one  by  one,  waiting  each  time  until  the  gas  bubbles  stop. 
Then,  if  the  connections  are  all  tight,  relieve  the  excess  oa 
pressure  by  opening  gradually  the  stopcock  in  the  front  end  of  the 
train.  Continue  passing  a  slow  stream  of  oxygen  through  the 
apparatus  and  begin  the  heating. 

In  working  with  a  Heraeus furnace  of  50-mm.  internal  diameter, 
with  which  the  maximum  temperature  of  1300°  is  given  with  a 
current  of  10.5  amperes  at  220  volts,  the  method  of  operation  is  as 
follows: 

First,  have  all  the  resistance  in  the  electric  circuit.  Turn  on 
the  current  and  move  the  rheostat  arm  back  until  the  ammeter 
shows  9  amperes.  As  the  current  drops  1  or  2  amperes  cut  out 
more  resistance  and  keep  the  current  at  9  to  10  amperes. 

During  a  combustion  the  galvanometer  indicates  approxi- 
mately these  changes  in  temperature: 

after    5  minutes,  200°  C. 

after  15  minutes,  650°  C. 

after  30  minutes,  850°  C. 

after  45  minutes,  980°  C. 

after  (>()  minutes,  1060°  C. 

after  67  minutes,  1100°  C. 

The  combustion  usually  starts  at  a  temperature  between  850° 

and  '.»X(f  and  is  indicated  by  a  sudden  slowing  up  of  the  gas  cur- 
rent in  the  last  wash  bottle  and  an  increase  in  the  rate  at  which  the 
oxygen  flows  through  the  first  wash  bottle.    To  prevent  the  back 
10 
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pressure  from  forcing  air  into  the  soda-lime  tubes,  increase  the 
supply  of  oxygen  while  the  sample  is  burning. 

Maintain  the  temperature  of  the  furnace  for  15  or  20  min. 
at  1100°  or,  at  the  most,  1200°,  and  continue  passing  a  slow 
stream  of  oxygen  through  the  apparatus. 

At  the  end  of  this  time  the  combustion  is  surely  ended.  Shut 
off  the  electric  current,  turn  the  lever  of  the  resistance  box  l>:u-k 
and  pass  oxygen  through  the  tube  for  15  min.  longer,  to  drive 
all  of  the  carbon  dioxide  out  of  the  combustion  tube  and  drying 
tube.  Finally,  close  the  stopcocks  of  the  soda-lime  tubes,  re- 
move them  from  the  train  and  weigh  them  after  allowing  them  to 
stand  at  least  half  an  hour  in  the  balance  case.1  After  the  soda- 
lime  tubes  have  been  taken  off,  close  the  stopcock  from  the  oxygen 
tank  and  allow  the  furnace  to  cool. 

If  another  combustion  is  to  be  made  at  once,  weigh  out  the 
n«-\v  sample  while  the  furnace  is  cooling.  When  the  temperature 
has  fallen  to  about  600°  or  less,  pull  out  the  old  boat  with  a  hook 
made  of  clean  copper  wire.  Pass  oxygen  through  the  tube  for  5 
min.,  connect  the  weighed  soda-lime  tubes  and  push  the  new 
sample  into  the  tube.  Turn  on  the  electric  current  and  proceed 
as  before.  The  time  taken  to  bring  the  warm  tube  up  to  the  com- 
bustion temperature  is  much  less  now  and  less  current  is  used,  two 
factors  of  great  importance  where  work  is  being  done  on  a  large 
scale.  If  large  pieces  are  used  for  combustion  it  often  happens 
that  the  ferric  oxide  after  the  combustion  is  left  in  the  form  of  loose 
pieces  which  can  easily  be  removed  from  the  boat ;  if  the  material 
is  finely  divided  the  mass  usually  fuses  to  the  boat. 

The  porcelain  boat  can  be  cleaned  for  use  a  second  time  by 
heating  it  for  a  long  time  with  concentrated  hydrochloric  acid  to 
remove  the  adhering  oxide.  This  hardly  pays,  however,  at  the 
present  price  of  unglazed  porcelain. 

The  computation  of  the  carbon  content  is  the  same  as  in  the 
previous  method. 

1  This  leaves  oxygen  in  the  tubes  which  weighs  slightly  more  than  the  air 
they  originally  contained.  The  tubes  are  so  small,  and  there  is  so  little  free 
air  space  that  it  is  not  necessary  to  correct  for  this  slight  error.  If  the  initial 
weight  of  the  tubes  was  made  when  they  were  filled  with  oxygen,  this  error 
disappears. 
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Test  Analyses.— (a)   Blank   Runs.— Weight   change*  in   the 

>oda-lime    tubes    iii    carrying  out    tin-  blank-    (running  oxygen 
ilin.unh  the  tubes  as  in  an  actual  ana]  < m  nines  nega- 

•nd  sometimes  positive.  Usually  they  do  not  amount  to 
more  than  —0.0005  g.  They  are  smaller  than  tin-  blank*  in  the 
ehrome-sulfurir  acid  method  and  arc  within  the  limit*  of 
accuracy  of  the  weighings. 

(6)  Results  with  Different  Materials.— In  Table  80  are  gi\. -n 
the  results  of  some  analyses  by  this  method  compared  with 
values  obtained  by  the  ehrome-sulfuric  acid  result-. 

Tun. i    so.    -('AUIIIIN   Din  KMIM.HHV  COMIM-STION  IN  OXYGEN 


No 

\l   if  ••ri-il 

i 

W(h< 

nf  H<I  nit  ill- 

weixht 

1  '      r 

•  •l.f.llir- 
•  nUiiri.- 

in  K 

Tubel 

Tube  2 

MM 

Ilirlhod* 

i 

2 
3 

Mild  st.  .1 

Medium  car- 
bon steel. 

High    carbon 

(a) 
(b) 

(a) 
(6) 

(a) 

2.773 
2.001 

1.9475 
2.0971 

2  0006 

0.0056 

o.oim 

0.0386 
0.0398 

0  0948 

0.  001:, 
0.0008 

i.  n,, 
0  05 

•  I   :,! 

0.52 
1  29' 

|    0.63 

steel. 

(6) 

•J    (Mill 

0.0949 

1  29 

1.2» 

4 
5 

Pin     iron    as 

fine        turn- 
ings. 

Cast         iron, 

(a) 
(6) 

(a) 

1.0023 
1.0053 

0.9970 

(I  1137 
0.1145 

0.1285 

0.0006 
0.0003 

:;  I»M 
3  10 

3.52 

\    3  14 

pieces  '2  mm 

(6) 

1  0019 

i)  !•"•:, 

:i  59« 

in  thickness. 

1.  After  the  coml>ust  ion  .>f  samplr  :;.  the  two  sam ple>  \\«T«-  \\ri^h«-«l  again 
.in.l  showed  the  following  gain  in  \v»-i«lit  due  to  tin-  formal  ion  of  oxide: 

(a)  gained  0.8109  g. 
(6)  gained  0.8128  g. 

These  values  indicate  that  the  relation  I-V   O  is  approximately  2:3  so  that 
it  is  chiefly  FejOj  which  is  formed  by  the  combust  inn. 

unple  .')  was  used  in  the  form  of  line  turning  for  the  chrome-sulfuric 
acid  method. 

3.    The  carbon  value-  uiv.-ii  m  the  last  column   as  the  results  of  the  chrome- 
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sulfuric  acid  method  are  not  corrected.  If  the  weight  0.002  g.  is  sub- 
tracted from  the  actual  gain  in  weight  of  the  soda  lime  tube  (cf.  p.  137) 
the  agreement  between  the  results  by  the  two  methods  is  even  better. 

ACCURACY  OF  THE  VALUES  FOUND  BY  THE  DIRECT  COMBUSTION 

METHOD 

The  weight  changes  in  the  soda-lime  tubes  in  the  blank  runs  are 
within  the  error  of  weighing.  Assuming  the  error  of  weighing 
to  be  not  greater  than  ±0.0005  g.,  the  percentage  errors  are: 

For  a  1-g.  sample  ±  0.015  per  cent. 
For  a  2-g.  sample  ±  0.007  per  cent. 

The  method  of  direct  combustion  in  oxygen  is,  therefore,  slight  ly 
more  exact  than  the  chrome-sulfuric  acid  method.  In  this  case, 
too,  the  errors  are  found  in  the  second  decimal  place  so  that  if 
small  weight  samples  are  taken  (1  to3g.)  the  allowable  deviations 
are  the  same  as  those  given  for  the  chrome-sulfuric  acid  method 
(p.  138). 

In  order  to  reduce  the  effect  of  the  weighing  error  and  so  get 
mon>  accurate  carbon  values,  a  larger  sample  may  be  taken 
(10  to  15  g.)  and  burned  in  a  larger  porcelain  boat  and  in  a  large 
tube. 

APPLICABILITY  OF  THE  METHOD 

All  the  metals  and  alloys  mentioned  under  the  chrome-sulf  uric 
arid  method,  including  those  which  could  not  be  decomposed  by 
that  method,  will  be  decomposed  in  a  current  of  oxygen  at  tem- 
pera tu  res  between  1100°  to  1200°. 

With  certain  substances,  like  ferro-vanadium  and  molybdenum 
\vhich  give,  readily  fusible  oxides  that  are  likely  to  injure  the 
combust  ion  tube,  it  is  advisable  to  place  the  sample  in  the  boat  on 
top  of  some  absorbent  material  such  as  ignited  alumina. 

3.  DETERMINATION  OF  CARBON  IN  LOW-CARBON  MATERIALS 
(BARIUM  HYDROXIDE  METHOD) 

As  will  be  noticed  in  the  results  of  the  carbon  determinations 
made  by  tin;  two  preceding  methods,  the  values  are  not  very 
exact  if  the  percentage  of  carbon  is  very  low  (Tables  79  and  80) 
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because,  on  the  <>n<-  hand,  it  is  difficult  to  reduce  the  sources  of 
error  and.  on   tin-  other  hand,  the  original  sample  cannot    weigh 

much  more  lhaii  1'  or  .'I  g.  \\ithoiit  n really  increasing  the  anal 

difficulties. 

The  accuracy  of  the  carbon  deteriui nation  can  l>e  incn-a-ed. 
however,  if  the  carbon  is  weighed  not  as  carl>on  dioxide  with  l6w 
molecular  weight  hut  in  tlic  form  of  a  compound  with  high  mo- 
lecular weight. 

Principle. — The  carlnm  dioxide  formed  by  the  combu-tior 
of  the  carbon  is  absorbed  by  barium  hydroxide  and  changed  to 
barium  carbonate  which  is  filtered  ofT,  dissolved  in  hydrochloric 
acid,  the  barium  precipitated  by  dilute  sulfuric  acid,  and  the  re- 
sulting barium  sulfate  weighed.  One  molecule  of  barium  sulfate 
is  formed,  therefore,  for  each  atom  of  carbon  originally  pi 

The  principle  of  the  method  involves  nothing  new;  changing 
the  carbon  dioxide  to  barium  carbonate  was  recommended  by 
O.  Petterson  and  Smitt1  and  also  by  Aupperle*  for  the  deter- 
mination of  carbon  in  iron  and  steel. 

The  directions  given  here,  however,  suggest  a  better  way  than 
has  hitherto  been  proposed  for  preventing  the  absorption  of  car- 
bon dioxide  from  the  air. 

Necessary  Apparatus  and  Solutions. — The  sample  is  burned  in 
a  tube  heated  by  an  electric  furnace  exactly  as  described  in  the  pre- 
vious method.  Instead  of  using  soda-lime  tubes  for  the  absorp- 
tion of  the  carbon  dioxide,  a  bubble  tube  containing  barium  hy- 
droxide is  connected  directly  to  the  combustion  tube.8  This  leads 
into  a  flask  of  barium  hydroxide  which  is  protected  from  the 
carbon  dioxide  of  the  air  by  a  soda-lime  tube.  (See  Fig.  114.) 

For  filtering  and  washing  the  barium  carbonate  which  precipi- 
tates in  the  bubble  tube,  without  fear  of  contamination  by  the 
carbon  dioxide  of  the  air,  the  arrangement  shown  in  Fig.  115  is 
used,  consisting  of  a  suction  bottle,  tube-funnel,  several  soda  lime 
tubes,  etc. 

The  barium  carbonate  precipitate  must  be  washed  with  water 
that  is  free  from  carbonic  acid.  This  is  made  by  boiling  distilled 
water  and  allowing  it  to  cool  in  an  atmosphere  free  from  carbon 

1  Ber.  23,  1401  and  Z.  anal.  Clu-m..  32,  HSf>. 

*  J.  Am.  Chem.  Soc.,  28,  sf>s  and  ('h.-in.  /tg.  Kcp.,  1906,  316. 

8  It  is  unnecessary  to  remove  the  moisture  from  the  r>c:iping  gases. 
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dioxide.  This  water  is  stored  in  a  large  bottle  provided  with  a 
siphon  and  a  soda-lime  tube.  (Upper  bottle  in  Fig.  115.)  The 
barium  hydroxide  solution  used  in  the  analysis  is  prepared  as 
follows: 

Dissolve  194  g.  of  crystallized  barium  chloride  in  a  5-liter  bottle 
and  mix  it  with  an  aqueous  solution  of  64  g.  caustic  soda.  Fill 
the  bottle  with  water  and  shake  thoroughly.  After  the  small 
precipitate  of  barium  carbonate  has  settled  out,  and  the  super- 
natant liquid  is  clear,  attach  the  emptying  device  shown  in  Fig. 
114a.  The  stopcock  on  the  siphon  tube  should  be  protected  by 
a  rubber  stopper  when  not  in  use,  so  that  it  will  not  become 
plugged  with  barium  carbonate. 


Electric 
Furnace 


fgg-i 


Barium 

Hydroxide 

Solution 


;.   114. 


FIG.  114o. 


Procedure.— Weigh  out  2  g.  of  the  sample  into  a  porcelain  boat 
and  place  the  boat  in  the  combustion  tube  of  the  electric  furnace. 
Connect  the  combustion  tube  with  the  train  shown  in  Fig.  114, 
consisting  of  a  dry,  empty  bubble  tube,  a  dry,  empty  wash 
bottle,  and  a  U-tube  filled  with  soda-lime.  To  free  the  out  in* 
apparatus  from  carbon  dioxide,  pass  a  current  of  purified  ox 
through  the  entire  apparatus  for  20  min.  At  the  end  of  this 
time,  disconnect  the  wash  bottle  from  the  bubble  tube,  without 
interrupting  the  current  of  oxygen,  fill  the  bottle  with  clear 
barium  hydroxide  solution  and  at  once  connect  it  again  to  the 
bubble  tul>e.  If  after  oxygen  has  passed  for  about  15  min. 
longer,  the  wash  bottle  shows  no  turbidity,  indicating  that  the 
apparatu-  iroin  carbon  dioxide,  introduce  enough  barium 

hydroxide  into  the  bubble  tube  so  that  when  the  oxyiren  is  passing 
the  solution  will  not  reach  beyond  the  next  to  last  bulb  of  the 
tube.  Then  replace  this  absorption  tube  in  the  train  between  the 


porcelain  tulx-and  the  wash  hoi  tic.      Take  care  in  filling  the  bub- 
Nc  t  ul>e  to  avoid  the  cut  ram-c  of  air  containing  carbon  dioxide. 

The  apparatus  must  be  tested  to  see  that  it  is  tight  before  the 
combustion  is  started.  To  make  the  test,  close  the  stopcock  in 
the  soda-lime  tube  and  allow  oxygen  to  enter  the  train.  If  the 
apparatus  is  tight  the  flow  of  gas 
soon  stops.  If  the  connections 
are  thus  shown  to  be  tight,  re- 
lieve the  oxygen  pressure  by 
opening  the  stopcock  slowly. 
Then  turn  on  the  electric  cur- 
rent and  start  the  combustion 
exactly  as  in  the  previous 
method  (cf.  p.  145). l 

The  filtering  arrangement 
used  for  the  barium  carbonate 
can  be  set  up  as  shown  in  Fig. 
115  while  the  combustion  is 
taking  place.  Place  a  little 
glass  wool  in  the  funnel  t  and 
on  it  place  a  porcelain  filter- 
plate  having  the  same  diameter 
as  the  tube  and  covered  with  a 
piece  of  filter  paper  cut  to  fit. 
Cover  this  filter  with  dry,  puri- 
fied asbestos,  like  that  used  in 
filtering  graphite  (p.  166) 
spreading  it  out,  by  means  of  a 
wash  bottle  and  the  suction 
pump,  to  form  a  fairly  thick, 
uniform  layer. 

After  preparing  the  funnel  in 
this  way,  insert  it  into  one  hole  of 


FIG.  115. 


a  doubly  perforated  rubber  stopper  in  a  suction  bottle.  Through 
the  other  hole  insert  a  glass  tube  and  connect  this  with  a  well- 
filled  soda-lime  tube,  U\.  Attach  a  glass  stopcock  to  the  suction 

1  It  will  be  noticed  in  most  cases  that  the  barium  hydroxide  solution 
begins  to  grow  turbid  when  the  furnace  is  heated  to  about  700°  C.,  showing 
that  the  carbon  starts  burning  before  much  of  the  iron  is  oxidized. 
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bottle  and  connect  this,  through  a  wash  bottle  containing  a  little 
water,  to  the  suction  pump.  Fit  a  two-holed  rubber  stopper  to 
the  filter  funnel,  t,  connect  it  through  one  hole  with  the  soda-lime 
tube,  Uz,  and  close  the  other  hole  temporarily  with  a  piece  of  glass 
stirring  rod.  To  remove  carbon  dioxide  from  the  filtering  appa- 
ratus, apply  suction  and  draw  a  slow  stream  of  air  through  the 
tube  Uz  for  some  time  and  then  through  the  tube  u\.  When  this 
is  accomplished,  close  the  stopcock  leading  to  the  pump  and  turn 
off  the  suction. 

After  finishing  the  combustion,  which  will  not  require  more  than 
an  hour  in  most  cases,  disconnect  the  bubble  tube  from  the  train 
and  take  away  the  wash  bottle  which  was  attached  to  it.  Remove 
the  glass  plug  from  the  stopper  in  the  funnel,  t,  in  Fig.  115,  and 
insert  in  its  place  the  extension  tube  of  the  bubble  tube.  Con- 
nect the  free  end  of  the  latter  by  rubber  tubing  with  the  forked 
tube  extending  from  a  large  bottle  of  water,  free  from  carbon  di- 
oxide, which  should  be  supported  about  100  to  120  cm.  above  the 
top  of  the  working  bench. 

Close  the  stopcocks  of  the  two  soda-lime  tubes  HI  and  Uz,  start 
the  suction  pump  and,  by  opening  the  cock  between  the  pump  and 
the  wash  flask,  apply  gentle  suction  to  the  apparatus.  The  rate 
of  flow  can  be  determined  by  watching  the  bubbles  in  the  wash- 
bottle  (not  shown  in  the  drawing). 

The  barium  hydroxide  solution  and  the  flocculent  barium  car- 
bonate precipitate  from  the  bubble  tube  are  thus  siphoned  into 
t  he  funnel  and  filtration  takes  place  while  carbon  dioxide  free  air  is 
supplied  through  the  soda-lime  tube  U3.  When  all  the  liquid  has 
passed  through  the  filter,  open  the  stopcock  in  the  siphon  tube 
leading  from  the  large  water-bottle  (the  stopcocks  on  the  large 
soda-lime  tube  u3  are  kept  open  all  the  time)  and  allow  water  to 
flow  into  the  bubble  tube.  While  the  water  is  passing  through, 
shake  the  bubble  tnl>e  to  remove  any  deposit  of  I >arin in  carbonate 
from  the  glass  sides  of  the  tube.  Close  the  stopcock  on  the  siphon 
and  allow  all  the  liquid  to  filter  off  with  a  constant,  slow  suction 
from  t  he  pump.  Wash  the  bubble  tube  several  times  in  this  way. 
To  get  enough  water  in  the  lar^e  bull)  of  the  bubble  t  ube,  t  he  stop- 
cock  on  the  bulb  may  be  opened  for  a  short  time  to  allow  air  to 
escape.  After  about  six  washings,  the  bubble  tube,  filter  and 
pn <  ipitate  are  free  from  barium  hydroxide.  Then  disconnect  the 
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bubble  tube  and  the  funnel  from  the  apparatus,  dissolve  the  ba- 
rium carbonate  precipitate  <»n  t  he  filter  in  dilute  hydrochloric  acid 
and  allow  1  lie  acid  to  run  into  a  small  beaker.  Wash  the  bubble 
tube  and  the  inlet  tube  several  times  with  dilute  hydrochloric  aeid 
and  water  and  allow  the  washings  to  run  through  the  funnel  into 
the  major  portion  of  the  solution.  Finally,  wash  the  filter  thor- 
oughly with  dilute  hydrochloric  acid  and  water.  Kvaporate  the 
resulting  solution  on  the  water  bath  to  about  10  cc.  and  trans- 
fer it  to  a  weighed  porcelain  crucible.  Rinse  out  t  he  beaker  with 
a  little  dilute  hydrochloric  acid,  add  a  few  drops  of  dilute  sulfuric 
acid  to  the  solut  ion  in  the  crucible,  and  thus  convert  the  biiri  u  m  i  n  t  o 
barium  sulfate.  Evaporate  the  solution  todryness  in  the  crucible 
and  gradually  raise  the  temperature  until  the  excess  of  sulfuric 
acid  has  been  expelled.  Finally  heat  the  crucible  to  redness  over 
the  full  flame  of  the  Bunsen  burner,  cool  the  crucible  at  least 
half  an  hour  in  a  desiccator,  and  weigh. 

Instead  of  evaporating  the  barium  chloride  solution  in  the 
crucible,  the  concentrated,  slightly  acid  solution  may  be  treated 
with  a  slight  excess  of  dilute  sulfuric  acid,  the  precipitated 
barium  sulfate  allowed  to  settle,  and  filtered  after  the  solution 
has  become  clear.  The  precipitate  can  be  ignited  and  weighed 
in  a  platinum  or  porcelain  crucible,  or  a  Gooch  crucible  may 
be  used  (cf.  p.  193). 

Computation.  —  Since  each  atom  of  carbon  forms  one  molecule 
of  barium  carbonate  which  is  equivalent  to  one  molecule  of  bar- 
ium sulfate,  the  percentage  of  carbon  in  a  sample  which  weighed 
s  g.  and  gave  p  g.  of  barium  sulfate,  is 

Per  cent.  C.  =  5Ml 


Test  Analyses.  —  (a)  Blank  Runs.  —  Blank  runs  were  made  ex- 
actly as  described  above  without  introducing  the  sample.  The 
tube  was  heated  and  the  oxygen  passed  through  the  absorption 
tube  containing  barium  hydroxide.  At  the  end  of  the  run  the 
barium  hydroxide  showed  only  a  slight  turbidity  due  to  barium 
carbonate.  The  solution  was  filtered,  the  carbonate  changed  to 
sulfate  and  weighed  as  such. 

The  values  obtained  were: 

Exp.  1  =0.0010g.  BaSO4 
Exp.  2  =  0  0012  g.  BaSO4 
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(b)  Analysis  of  Various  Materials. — For  purposes  of  com- 
parison the  values  found  by  this  method  are  given  in  Table  81 
with  the  values  found  by  the  two  other  methods. 

TABLE  81 


|  Number 

Kind  of 
material 

Combustion  in  oxygen  in  electric  furnace 

Chrome 
sulfuric 
acid 
method* 

Barium  hydroxide  method 

Absorption  of  CO*  in  soda 
lime 

Weight 
sample 

Weight 
BaS04 

Per  cent. 
C 

Weight 
sample 

Weight 

Per  cent. 
C 

Per  cent. 
C 

1 

Special  steel 

0.9997 

0.1151 

0.592 

2.210 

0.0486 

0.60 

0.62 

(contained 

0.9996 

0.1151 

0.592 

Cr,   W    and 

V). 

2 

M  etal  1  i  c 

1.5064 

0.0567 

0.193 

1.0085 

0  0073 

0.20 

0.22 

nickel.* 

1.0033 

0.0390 

0.200 

1.0060 

0.0074 

0.20 

3 

Ordinary 

1.0150 

1.1307 

0.662 

1.674 

0.0401 

0.65 

0.66 

steel. 

1.0045 

0.1295 

0.662 

1.713 

0.0413 

0.66 

1 

Boiler  plate. 

2.534 

0.0221 

0.045 

2.399 

0.0046 

0.05 

0.05 

2.517 

0.0219 

0.045 

5 

Ingot  iron  .  .  . 

3.015 

0.0294 

0.050 

2.773 

0.0056 

0.06 

0.06 

2.502 

0.0226 

0.046 

2.001 

0.0034 

0.05 

6 

Silico-man- 

1.191 

0.0122 

0.053 

1.104 

0.0037 

0.09 

* 

ganese. 

1.807 

0.0183 

0.052 

7 

Ingot  iron  .  .  . 

2.50 

0.0069 

0.014 

1.996 

0.0014 

0.02 

0.02 

2.50 

0.0070 

0.014 

s 

Tungsten..  .  . 

1.001 

0.0035 

0.018 

1.327 

0.0013 

0.03 

* 

1.007 

0.0032 

0.016 

1.002 

0.0016 

0.04 

0 

Iiitfot  iron.  .  . 

•j  536 

0.0059 

0.012 

•j  r.si 

0.0016 

0.02 

0.02 

•J   tixx 

0.0057 

0.011 

L>    til  ill 

0.0016    0.02 

*  Not  attacked. 

1.  Metallic  nickel  does  not  burn  completely  at  1200°.  The  turnings 
l.ecimie  coated  with  a  layer  of  oxide  which  docs  not  melt  at  that  temperature 
Ix it  in  spite  of  this  fact  the  carbon  seems  to  burn  as  is  indicated  by  the 
agreement  between  the  time  sets  of  values. 
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•J.  Tin-  v:ilm-i  givm  under  thr  chromr-siiliuric  acid  method  an»  unoor- 

iv,-t,-,l   (,/.  ,,.   I.Vi  .-Hid  p.    I  17,   N..t. 

ACCURACY  OF  THE  CARBON  VALUES  FOUND  BY  THE  BARIUM 
HYDROXIDE  METHOD 


The  errors  in  wei^hin^;  :i  l):iriuin  sulfate  precipitate  arc  slight  if 
care  is  taken,  so  thai  the  values  for  carbon  found  by  the  barium 
hydroxide  method  with  a  2-g.  sample  and  low-carbon  content  are 
probably  correct  within  0.003  per  cent.  Duplicate  determinat  ioas 
should  not  differ  by  more  than 

±  0.  002  per  cent,  for  a  carbon  content  between  0.010  and  0.25  per  cent  . 

or 

±  0.  004  per  cent,  for  a  carbon  content  between  0.25  and  0.60  per  cent 

APPLICABILITY  OP  THE  BARIUM  HYDROXIDK  MKIHOD 

The  method  is  good  for  all  low-carbon  material  which  can  be 
burned  in  the  electric  furnace  with  oxygen  at  temperatures  not 
above  1200°.  If  the  carbon  content  is  greater  than  0.60  per  cent  .  , 
the  quantity  of  barium  sulfate  formed  is  so  large  that  a  small 
original  sample  must  be  used.  Since,  however,  it  is  difficult 
to  get  representative  samples  of  very  small  weight,  it  is  better 
to  use  Method  1  or  Method  2  for  the  higher  carbon  steels. 

4.  DETERMINATION  OF  TOTAL  CARBON  BY  THE  POTASSIUM- 
CUPRIC-CHLORIDE  METHOD 

A  number  of  methods  have  been  worked  out  for  the  removal 
of  nearly  all  the  iron  before  attempting  to  determine  the  total 
carbon  content  of  a  sample  of  iron  or  steel.  Thus  Wohler  vola- 
tilized the  iron  as  ferric  chloride  by  heating  the  sample  in  an 
atmosphere  of  chlorine.  Another  method  consists  in  dissolving 
out  the  iron  by  means  of  a  solution  containing  a  copper  salt  in 
the  presence  of  either  ammonium  chloride  (Berzelius)  or  potas- 
sium chloride  (Richter)  to  prevent  the  precipitation  of  cuprous 
chloride.  Potassium  chloride  is  preferred  because  ammonium 
chloride  is  likely  to  be  contaminated  with  pyridinc  chloride, 
which  itself  contains  carbon.  Cupric  chloride  and  potassium 
chloride  crystallize  together  in  the  form  of  a  double  salt  corre- 
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spending  to  the  symbol,  2KCl.CuCl2.2H2O.,  and  this  salt  is 
often  given  the  trivial  name  "double  chloride"  by  chemists  en- 
gaged in  the  analysis  of  steel.  The  double  chloride  method  was 
until  recently  considered  the  most  reliable  method  for  determining 
the  total  carbon  in  iron  and  steel.  It  has  been  shown,  however, 
that  certain  alloy  steels,  especially  chrome-tungsten  steel,  give 
unreliable  results  by  it,  probably  on  account  of  some  carbon 
being  lost  as  hydrocarbon.  The  method  is  still  used  a  great  deal 
and  gives  thoroughly  reliable  results  with  most  materials. 

After  the  removal  of  the  iron,  the  carbon  can  be  determined 
by  combustion  either  in  an  electric  or  gas-heated  furnace. 
Inasmuch  as  many  laboratories  are  not  equipped  with  electric 
furnaces,  especially  those  laboratories  which  use  the  double 
chloride  method,  the  procedure  will  be  described  as  carried  out 
with  a  gas-heated  furnace. 

Principle. — When  metallic  iron  is  placed  in  contact  with  a 
solution  of  a  cupric  salt,  the  iron,  because  of  its  greater  solu- 
tion tension  replaces  the  copper  which  is  precipitated  upon  the 
remaining  iron.  In  the  presence  of  an  excess  of  cupric  salt,  the 
deposited  copper  reacts  to  form  cuprous  chloride  which  is  kept 
in  solution  by  the  potassium  chloride,  and  to  some  extent  by 
the  hydrochloric  acid,  with  which  it  forms  a  soluble  double  salt. 
The  reactions  may  be  expressed  as  follows: 

Fe  +    CuCl2  =  FeCl2  +  Cu 
Cu  +  2CuCl2  =  Cu2Cl2 
or 

Fe  +  Cu++      =  Fe-H-  +  Cu 
Cu  +  Cu++     =  2Cu+ 

Since  hydrochloric  acid  reacts  with  iron  carbide  and  with  its 
solid  solution  in  iron,  setting  free  gaseous  hydrocarbons,  it  \vas 
at  first  thought  necessary  to  carry  out  the  treatment  with  potas- 
sium cupric  chloride  in  a  perfectly  neutnil  solution  but  it  was 
found  later  that  no  hydrocarbons  were  set  free  by  dilute  hydro- 
chloric acid  in  the  presence  of  a  cupric  salt  and  that,  in  fact,  the 
presence  of  nearly  10  per  cent,  by  volume  of  strong  hydrochloric 
acid  is  not  only  permissible  but  beneficial;  in  many  cases  the 
suits  an-  higher  and  nearer  the  truth. 
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Necessary  Apparatus  and  Solutions. — The  combustion  train, 
Fig.  1  H'»,  consists  first  of  a  short  preheating  furnace  containing 
a  glazed  porcelain  tube  filled  with  granular  cupric  o\i<l<-  I..  • 

I  >lugs  of  ignited  asbestos.  This  serves  to  oxidize  any  gaseous 
carbon  compounds  that  may  possibly  be  pn-c-nt  in  th«-  oxygen 
supply.  Between  this  furnace,  and  the  longer,  ten-burner  com- 
bustion furnace  in  which  the  sample  is  burned,  is  a  Geissler 
bulb,  with  the  bottom  bulbs  about  two-thirds  filled  with  strong 
caustic  potash  solution  (1:1).  This  serves  to  remove  any 
bon  dioxide  from  the  oxygen,  or  air,  used  in  the  combustion. 

The  combustion  tube,  made  of  glazed  porcelain,  contains 
copper  oxide  in  the  end  near  the  absorption  train,  between  plugs 


Abborption  Tram. 


Preheater 


Gas    Furnace. 


;.   116. 


of  ignited  asbestos,  but  space  is  left  at  the  other  end  so  that  the 
sample  can  be  introduced  into  the  hottest  part  of  the  furnace. 

The  absorption  train  consists  of  a  small  bubble  tube  about  one- 
fourth  filled  with  a  saturated  solution  of  ferrous  sulfate  (60  g. 
FeSO4.7H2O  in  100  cc.  water),  a  similar  tube  containing  about 
10  cc.  of  a  saturated  solution  of  silver  sulfate  in  sulfuric  acid 
(sp.  gr.  1.40),  a  U-tube  containing  granular  calcium  chloride 
(or  phosphorus  pentoxide)  and  a  Geissler  bulb  containing  caustic 
potash  solution  (1  :  2)  with  a  prolong  filled  with  calcium  chloride. 

The  purpose  of  the  ferrous  sulfate  is  to  reduce  any  chlorine 
that  may  be  evolved  during  the  combustion  of  the  residue  ob- 
tained after  treatment  with  potassium  cupric  chloride  solution. 
The  ferrous  sulfate  changes  the  chlorine  to  hydrochloric  acid 
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which  is  retained  partly  as  ferric  salt;  if  any  escapes  it  is  caught 
by  the  silver  sulfate  in  the  next  tube. 

In  filling  the  calcium  chloride  tubes,  especially  the  prolong  of 
the  Geissler  bulb,  take  care  to  press  down  the  granular  calcium 
chloride,  using  particles  %  in.  in  diameter.  If  the  tube  is  loosely 
filled  some  moisture  is  likely  to  escape ;  for  this  reason  a  negative 
blank  is  often  obtained  by  the  beginner. 

Instead  of  the  tubes  of  ferrous  sulfate  and  silver  sulfate,  the 
use  of  anhydrous  cupric  sulfate  followed  by  anhydrous  cuprous 
chloride  has  been  recommended,  or,  as  suggested  by  E.  S. 
Johnson,  a  column  of  20-mesh  zinc  between  glass-wool  plugs  will 
serve  to  remove  either  acid  or  chlorine. 

Instead  of  the  Geissler  tube,  U-tubes  filled  with  soda-lime  and 
calcium  chloride  may  be  used  as  in  Method  I,  p.  130. 

Potassium  Cupric  Chloride  Solution. — Dissolve  300  g.  of  t  he 
double  chloride  in  water  containing  75  cc.  of  concentrated  hydro- 
chloric acid  (sp.  gr.  1.2,)  and  dilute  the  solution  to  1  liter. 

Ignited  Asbestos. — Place  the  asbestos  in  a  dish  and  heat  it 
to  bright  redness  in  a  muffle  furnace.  Remove  the  dish,  allow 
the  asbestos  to  cool  somewhat,  and  turn  over  the  asbestos. 
Again  heat  to  redness  in  the  muffle  furnace.  While  cooling, 
keep  the  dish  covered  to  prevent  dirt  from  falling  into  it.  If 
necessary,  cut  the  ignited  asbestos  into  short  wads  and  add 
enough  water  to  form  a  fairly  thick  suspension. 

Procedure. — Weigh  out  3  g.  of  ordinary  steel,  or  1  g.  of  pi^ 
iron,  into  a  400-cc.  beaker  and  cover  the  sample  with  100  cc. 
of  the  double  chloride  solution  for  each  g.  of  metal  taken.  Stir 
the  solution  with  some  form  of  mechanical  stirrer  until  all  the 
iron  has  dissolved.  It  is  very  easy  to  tell  when  the  solution  is 
complete  by  holding  the  beaker  up  to  the  light.  If  pieces  of 
u I i-li -solved  metal  remain,  they  will  be  coated  with  metallic 
copper,  which  is  readily  distinguished  from  the  black  carbona- 
ceous residue. 

Prepare  an  asbestos  filter  by  placing  a  coil  of  fairly  heavy  cop- 
per wire  in  the  bottom  of  a  tube  funnel,  like  that  shown  in  I-'ii:. 
115,  all,  and  cover  this  coil  with  about  an  inch  of  wet.  imiiied  Bft- 
I'ilter  off  the  residue  from  the  double  chloride  treat- 
ment and  wash  out  the  beaker  with  10  cc.  of  double  chloride 
solution  diluted  with  an  equal  volume  of  water.  Moderate  sue- 


CARBQN  159 

i inn  may  be  used  l>ut  this  is  not  necessary.  Transfer  all  of  the 
residue  to  the  filter  l»y  mean-  of  dilute  hydrochloric  acid  from 
a  wash  bottle.  Finally  wash  the  residue  on  the  filter  with  Imt 
water  until  free  from  chloride.  ( 'arefully  push  up  the  filter  from 
the  funnel  and  transfer  it,  bottom  down,  to  a  clean  watch- 
glass.  Hub  the  side  of  the  funnel  with  i  m  i  i  t  ed  asbestos  to  remove 
any  adhering  carbon,  and  add  this  to  the  main  portion  on  the 
watch-glass.  Cover  and  dry  for  an  hour  or  two  at  a  tempera  t  ure 
between  95°  and  100°.  It  is  then  ready  for  the  combustion. 

In  starting  with  a  freshly-filled  combustion  tube,  it  should  be 
heated  half  an  hour  while  passing  a  current  of  oxygen  through  it. 
Then  attach  the  absorption  tube,  weighed  with  the  same  precau- 
tions as  described  for  weighing  the  soda-lime  tubes  in  Method  I, 
p.  131,  and  make  a  blank  run  to  be  sure  the  apparatus  is  ready 
for  use.  Heat  the  tube  red  hot  and  pass  oxygen  through  it  for  UO 
min.,  at  a  rate  such  that  two  or  three  bubbles  per  second  pass 
through  the  absorption  tube,  then  turn  out  the  burners  under 
the  back  end  of  the  furnace,  where  the  sample  is  to  be  intro- 
duced, and  pass  air  through  the  tube  for  another  20  min. 
This  may  be  done  either  by  having  an  air  reservoir  under 
pressure  or  by  applying  suction  at  the  front  end  of  the  furnace. 
A  simple  way  of  getting  suction  is  to  have  two  large  bottles, 
one  on  the  working  bench  and  the  other  on  the  floor.  By  filling 
the  upper  bottle  with  water  and  allowing  it  to  siphon  slowly  into 
the  lower  bottle,  sufficient  suction  is  obtained.  In  this  way  the 
volume  of  air  passed  through  the  combustion  apparatus  is 
shown. 

If  after  the  blank  run,  the  absorption  tube  does  not  show  over 
0.0010  g.  change  in  weight,  the  apparatus  is  ready  for  use. 

Push  the  dried  asbestos  well  into  the  back  end  of  the  furnace 
and  wipe  out  the  watch-glass  with  dry,  ignited  asbestos.  Make 
sure  that  the  carbon  reaches  far  enough  into  the  tube  to  get  the 
full  heat  of  the  furnace.  If  the  combustion  tube  is  cold,  light 
the  preheating  furnace  and  turn  on  the  oxygen,  allowing  it  to 
pass  through  the  absorption  bulb  at  a  maximum  rate  of  three 
bubbles  a  second.  Light  the  two  forward  burners  under  the 
combustion  tube  and  gradually  turn  up  the  flames  until  this  end 
of  the  furnace  tube  is  red  hot.  Then  light  the  next  burner  and 
continue  in  this  way  until  finally  the  whole  furnace  is  hot. 
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To  avoid  burning  the  rubber  stoppers  at  the  ends  of  the  com- 
bustion tube,  place  shields  of  heavy  asbestos  board  around  each 
end  of  the  tube  where  it  projects  from  the  furnace  and  wrap 
each  end  near  the  stopper  with  a  narrow  band  made  of  several 
thicknesses  of  cheese  cloth  with  the  ends  dipping  in  a  dish  of 
cold  water. 

After  20  min.  have  elapsed  from  the  time  the  last  burner 
was  lighted,  stop  the  current  of  oxygen  and  pass  a  current 
of  air  through  the  tube  at  the  same  rate  to  sweep  out  all  of  the 
carbon  dioxide.  Gradually  turn  down  the  burners  under  the 
tube,  but  if  it  is  to  be  at  once  used  again  for  another  combustion, 
it  is  best  to  keep  the  front  end  hot.  Finally  detach  the  Geissler 
bulb  and  weigh  with  the  usual  precautions. 

NOTES. — Instead  of  oxidizing  the  residue  from  the  double  chloride 
treatment  by  a  dry  combustion,  many  chemists  prefer  to  oxidize  it  in 
the  wet  way  by  means  of  chrome-sulfuric  acid,  as  in  Method  I,  p.  131. 

Instead  of  a  combustion  tube,  the  Gooch  tubulated  crucible  or  the 
Shirner  crucible  may  be  used.  When  the  combustion  is  carried  out  in  a 
crucible,  place  after  the  crucible  a  copper  tube  about  10  in.  long  and  {| ,-, 
of  an  inch  inside  diameter,  with  its  ends  cooled  by  water  jackets.  In  the 
center  of  this  tube  place  a  disk  of  platinum  gauze  and  a  3-in.  roll  of  silver 
foil,  on  the  side  near  the  crucible,  and  copper  oxide  on  the  other  side. 
Plug  the  ends  of  this  tube  with  glass  wool  and  heat  it  with  a  burner  which 
is  fitted  with  a  flame  spreader. 

Test  Analyses. — To  illustrate  the  accuracy  of  the  above 
method,  the  following  values  are  taken  quite  at  random  from 
certificates  issued  by  the  Bureau  of  Standards  at  Washington, 
D.  C.  At  the  present  time  most  of  the  analyses  made  at  the 
Bureau  itself  are  by  a  direct  combustion  method. 

A  sample  of  pig  iron  was  analyzed  by  the  direct  combustion 
method  by  five  different  chemists  and  the  average  value  obtained 
was  2.464  per  cent,  carbon;  eight  chemists  obtained  an  average 
value  of  2.461  per  cent,  carbon  by  the  solution  and  combustion 
method. 

In  a  sample  of  Bessemer  steel,  nine  chemists  obtained  the 
value  0.805  per  cent,  carbon  by  direct  combustion  and  three 
chemist-  obtained  ;m  average  value  of  0.806  per  cent,  carbon  by 
solution  and  combustion. 

With  a  sample  of  vanadium  steel,  eight  chemists  obtained  an 
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average  valuo  of  0..'M8  per  cent,  by  direct  combustion  and  li\« 

chemists  obtained  an  average  value  of  O.-'Ms  p, -i  < •« -nt.  carbon  by 
solution  and  combustion. 

With  a  sample  of  nickel  steel,  seven  chemists  obtained  an 
average  value  of  0.375  per  cent,  carbon  by  direct  « •nmhuMinn  and 
live  chemists  obtained  the  average  value  of  0.379  by  solution 
and  combustion. 

5.  VOLUMETRIC  DETERMINATION  OF  CARBON 
METHOD  BY  J.  R.  CAIN* 

The  difficulty  involved  in  weighing  soda-lime  tubes  or  pot.a>h 
bulbs  has  been  mentioned  frequently  in  the  literature.  The 
tubes  or  bulbs  are  heavy  as  compared  with  the  weight  of 
carbon  to  be  determined  and  the  variations  due  to  changes  in 
atmospheric  conditions  are  likely  to  correspond  to  a  consider- 
able fraction  of  the  weight  of  carbon  dioxide  absorbed.  Thus 
with  a  3-g.  sample  of  steel  containing  0.10  per  cent,  of  carbon, 
the  absorbed  carbon  dioxide  will,  weigh  0.0110  g.  An  error  of 
0.0010  g.  in  the  weight  of  the  absorption  tube  or  bulb,  and  this  is 
by  no  means  unusual,  corresponds  then  to  one-eleventh  of  the 
total  weight  of  absorbed  carbon  dioxide.  A.  A.  Blair  has  even 
stated  that  it  is  almost  impossible  to  get  satisfactory  results  in 
damp  weather,  when  absorption  bulbs  are  used. 

A  similar  difficulty  arose  in  connection  with  the  determina- 
tion of  carbonic  acid  in  air  and  in  1801  Pettenkofer2  proposed 
the  method  of  absorbing  the  gas  in  a  measured  volume  of  stand- 
ard barium  hydroxide  solution  and  titrating  the  excess  with 
standard  hydrochloric  acid.  This  method  has  been  adapted  to 
the  determination  of  carbon  in  iron  or  steel3  although  it  has 
received  little  attention  in  standard  text-books  on  iron  and 
steel  analysis. 

In  1913,  of  62  prominent  American  laboratories,  32  used  the 
potash  bulb,  24  weighed  the  carbon  as  barium  carbonat. 
titrated  the  excess  of  barium  hydroxide  as  above  outlined,  2 

»J.  Ind.  KIIR.  CluMii..  6,    It,:,     l'.U4). 
*  J.  pr.  ClM-m..  82. 

8  r/.  MrFarl.uir  and  Gregory,  C'lu-ni.  News,  94,  133;  Aupperle,  J.  Am. 
Chem.  Soc.,  28,  858. 
ll 
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used  soda-lime  tubes,  and  one  weighed  an  absorption  tube  filled 
with  barium  hydroxide. 

If,  however,  the  carbon  dioxide  obtained  by  combustion  of  the 
sample  of  iron  or  steel  (or  of  the  residue  obtained  after  treat- 
ment with  potassium  cupric  chloride)  is  absorbed  in  an  excess 
of  barium  hydroxide  solution,  the  most  reliable  method  is  to  filter 
off  the  precipitated  barium  carbonate,  dissolve  it  in  a  measured 
excess  of  standard  acid,  and  titrate  the  excess  of  the  latter  with 
standard  alkali.  This  has  the  advantage  that  the  analysis  is  not 
affected  by  gases  containing  sulfur  or  chlorine  which  may  be 
formed  by  the  combustion  of  the  metal  or  of  the  carbonaceous 
residue  obtained  from  it  by  the  potassium  cupric  chloride  method. 
The  method  is  accurate,  fairly  rapid  and  specially  suitable  for  the 
determination  of  carbon  in  mild  steels  or  wrought  iron. 

Apparatus  Required. — Any  accepted  form  of  combustion  ap- 
paratus may  be  used.  The  oxidation  of  the  carbon  may  be  ef- 
fected by  the  chrome-sulfuric  acid  method,  by  direct  combustion 
in  an  electric  furnace,  or  by  combustion  of  the  residue  obtains  I 
after  treatment  with  potassium-cupric  chloride.  When  the 
combustion  takes  place  in  the  dry  way  there  is  no  need  of  a 
purifying  train  in  front  of  the  furnace.  If  it  is  feared  that  some 
finely  divided  oxide  will  be  carried  over,  a  U-tube  filled  with  20- 
mesh  quartz,  that  has  been  washed  with  hydrochloric  acid  and 
water  and  dried,  may  be  used. 

For  absorbing  the  carbon  dioxide,  the  bubble  tube  shown 
in  Fig.  114  may  be  used  or  the  8-bulb  Meyer  tube  shown  in 
Fig.  117. 

For  filtering  off  the  barium  carbonate  the  device  shown  in 
Fig.  115  or  that  shown  in  Fig.  117  (approximately  one-truth 
tin-  t rue  size  is  suitable).  The  use  of  the  latter  will  be  described 
below. 

Solutions  Required. — Tenth-normal  Hydrochloric  Acid. — This 
may  be  standanli/ed  against  pure  sodium  oxalatc  (Son -n 
against  pure  sodium  carbonate  (Gay-Lussac) ,2  or  by  writhing 
•the  silver  chloride  precipitate  formed  by  adding  a  slight  excess 
of  -ilver  nitrate  to  a  measured  volume  of  the  acid. 


nlwrll-IIall.  Analytical  Cl.nmstry.  Vol.  II,  pp.  548  and  597  (1914). 
.  648. 
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Tetlth-nnnnnl  Sntlium  II u<lroxide. — Standard  i/.e  tin-  again-t 
the  hydrochloric  arid,  using  methyl  orange  as  an  indicator.  In 
carrying  out  tin-  >tandardi/aliun  of  any  solution  it  is  ad\  i 

to  use  at  least  20  cc.  so  that  the  error  of  reading  tin-  burette  \\ill 
not  affect  the  final  result  by  more  than  one  part  in  <»m-  thnu-and. 

Methyl  Orange. — Di  02  g.  in  100  cc.  of  water  and  iihcr 

the  solution. 

Barium  Hydroxide. — The  solution  may  be  prepared  as  de- 
scribed on  p.  !.">()  and  kept  in  a  large  bottle  as  shown  in  Fig.  11-la. 

Water  Free  from  Carbonic  Acid. — See  p.  149. 

Procedure. — Weigh  out  1  g.  of  pig  iron  or  2  g.  of  steel  and 
(any  out  the  combustion  as  described  in  Method  3.  If  an 
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electric  furnace  is  not  available,  a  gas-heated  furnace  may  be 
used.  If  it  is  not  possible  to  maintain  a  temperature  of  at  least 
1000°  with  the  latter,  the  combustion  of  the  sample  may  be  aided 
by  placing  the  metal  on  a  bed  of  ignited  alumina  (or  alum  him) 
and  covering  the  sample  with  pure  red  lead.  It  is  necessary  to 
run  a  blank  using  the  same  quantity  of  the  red  lead. 

When  the  combustion  is  complete,  filter  off  the  barium  car- 
bonate as  described  on  p.  151,  or,  using  Cain's  directions,  in  the 
following  manner: 

Connect  t  he  absorption  bulb  as  shown  in  Fig.  1 17.  S  is  a  two- 
way  stopcock  connected  with  suction.  The  bubble  tube  (Meyer 
tube)  is  fitted  with  two  rubber  stoppers  through  which  short  pieces 


104  ANALYSIS  OF  IRON  AND  STEEL 

of  glass  tubing  pass.  The  filter  C  contains  a  perforated  porce- 
lain plate  at  the  bottom;  it  should  slip  easily  up  and  down  the 
funnel.  Cover  the  porcelain  plate  with  a  felt  of  asbestos,  which 
has  been  cleaned  by  heating  several  hours  with  strong  hydro- 
chloric acid  and  then  by  washing  free  from  acid.  Place  on  top  of 
this  a  layer  of  similarly  cleansed  quartz  to  the  height  shown  in 
the  drawing.  A  mixture  of  grains  such  that  about  one  half  passes 
through  a  20 -mesh  sieve  and  the  remainder  through  a  10- mesh 
sieve  is  suitable.  Instead  of  using  the  quartz  alone,  a  mixture 
of  quartz  and  asbestos  works  well.  Fill  the  funnel  with  a  sus- 
pension of  asbestos  and  then  wash  the  quartz  into  the  funnel  by 
means  of  a  strong  jet  of  water  from  the  wash  bottle,  while  main- 
taining gentle  suction.  In  this  way  a  filter  may  be  prepared 
which  is  efficient  and  yet  works  rapidly. 

Insert  the  stopper  in  the  funnel  and  connect  it  with  the  Meyer 
tube  as  shown  in  the  drawing  and  apply  very  gentle  suction. 
When  necessary  open  P3  to  admit  air  hack  of  the  liquid  after  the 
contents  of  the  tube  have  all  been  transferred  to  the  filter  bottle, 
half  fill  the  large  bulb  nearest  B  with  water  by  opening  t  he  pinch- 
cock  PI;  operate  the  stopcock  S  during  this  and  the  subsequent 
operations  so  as  to  maintain  gentle  suction.  Manipulate  the 
tube  M  so  as  to  bring  the  wash  water  in  contact  with  all  parts  of 
the  interior  and  then  suck  out  the  water  through  C;  during  this 
and  the  subsequent  washings  leave  the  pinchcock  P2  open. 
After  eight  washings,  allowing  the  wash  water  to  drain  off  thor- 
oughly each  time,  detach  M  and  complete  the  washing  by  filling 
C  to  the  top  with  water  free  from  carbonic  acid,  sucking  dry  and 
repeating  the  operation  once  more.  Now  admit  air  through  the 
>l>ening  of  N,  take  away  C,  and  transfer  the  contents  of  the 
filter  funnel  to  an  Krlenmeyer  flask  for  the  tit  ration. 

Add  an  excess  of  the  standard  acid  from  a  burette  and  titrate 
\cessofalkali  in  the  cold  with  standard  sodium  hydroxide, 
using  methyl  orange  as  an  indicator. 

After  finishing  the  determination,  rinse  out  the  Meyer  bulb 
carefully  before  using  it  again,  to  make  sure  that  all  the  carbon 
dioxide  i<  removed  from  it.  Kaeh  day.  before  beginning  work, 
it  i-  well  to  rinse  out  the  tube  once  with  dilute  acid  and  then 
several  times  with  water.  Also  wash  out  the  rubber  tubing 
occasionally. 
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Computation.  —  One  litor  of  normal  acid,  or  alkali,  is  equivalent 

hi  J'.T.nO  K.  <>f  purr  sodium  oxalate,  .">:>.  00  £.  of  pure  sodium  cnr- 
honate  or  143.3  g.  of  silver  chloride.  If  /  re.  of  hydrochloric 
acid  solution  were  found  in  the  standardization  to  he  equivalent 
to  a  £.  of  sodium  oxalair.  sodium  carbonate  or  silver  chloride. 
according  to  the  method  of  standardization,  then 


in  which  A'  t  represents  the  concentration  of  the  arid  in 
terms  of  a  normal  solution,  e  is  0.067  for  sodium  oxalate,  0.053 
for  sodium  carbonate  or  0.1433  for  silver  chloride,  according  to 
the  method  of  standardization. 

If,  in  titrating  the  acid  against  the  base,  it  is  found  that  r\ 
cc.  of  acid  are  equivalent  to  rz  cc.  of  the  base,  then  the  concen- 
tration of  the  sodium  hydroxide  in  terms  of  a  normal  solution  is 
shown  by  the  expression 

NB  =  TlNA 
rz 

One  liter  of  normal  acid,  or  alkali,  is  equivalent  in  this  method 
to  6.00  g.  of  carbon,  or  1  cc.  =  0.00600  g.  C.  If,  then,  ni  cc.  of 
acid  and  HI  cc.  of  base  are  used  in  the  titration  of  the  barium 
carbonate  precipitate  from  s  g.  of  material,  we  have 
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Test  Analyses. — J.  R.  Cain  and  H.  L.  Cleaves  tested  this  method 
against  pure  sugar,  two  samples  of  standardized  Bessemer  steel, 
and  one  sample  of  standardized  pig  iron.  Using  0.0100  g.  of 
sugar,  the  average  error  was  -f  0.00005  g.  carbon,  and  the  largest 
error  in  three  experiments  was  -+-  0.00010  g.  carbon.  In  three 
experiments  with  0.0200  g.  of  pure  sugar,  the  average  error  was 
+  0.00011  g.  carbon  and  the  largest  error  was  +  0.00018  g. 
carbon.  In  three  experiments  with  0.0300  g.  sugar,  the  average 
error  was  +  0.00015  g.  carbon.  The  greatest  error  in  these 
nine  experiments  with  pure  sugar  corresponded  to  0.9  per  cent. 
of  the  total  weiirht  of  su^ar  hut  as  this  represented  a  weight 
iian  0.0002  g.  it  is  evident  that  the  method  is  more 
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accurate  than  any  method  involving  the  weight  of  an  absorption 
tube  or  bulb. 

In  eight  experiments  with  iron  and  steel,  using  1  g.  sam- 
ples in  every  case,  the  agreement  was  even  better. 

The  method  is  less  subject  to  disturbing  influences  and  re- 
quires less  elaborate  apparatus  than  any  of  the  methods  which 
have  been  described.  With  a  little  practice,  a  precipitate  can 
be  filtered  and  prepared  for  titration  within  5  min. 

DETERMINATION  OF  GRAPHITE  AND  TEMPER  CARBON 

Principle. — Graphite  and  temper  carbon  are  so  similar  in 
their  chemical  behavior  that  they  cannot  be  separated  by  ana- 
lytical methods.  The  precipitation  and  separation  of  combined 
carbon  is  based  on  the  fact  that  graphite  and  temper  carbon  are 
not  attacked  by  boiling  dilute  nitric  acid,  while  the  various  forms 
of  combined  carbon  form  volatile  compounds,  or  compounds 
soluble  in  nitric  acid. 

Procedure  (Ledebur). — With  dark  gray  cast  iron  use  1  g. 
with  light  gray  or  tempered  iron  2  to  5  g.,  and  with  high  nickel 
steel  use  5-10  g.  of  the  metal.1  Weigh  the  sample  into  a  300- 
600  cc.  beaker  and  heat  it  with  dilute  nitric  acid  (sp.  gr.  1.2) 
using  about  25  cc.  of  acid  for  each  gram  of  metal.  Immerse  the 
In -.-iker  in  cold  water,  or  hold  it  under  the  tap,  to  prevent  too 
violent  action  at  the  start  with  a  consequent  loss  of  material 
<lue  to  spattering.  After  the  action  has  slackened,  heat  the 
ln-aker  on  a  sand  bath,  or  over  an  asbestos  plate,  until  the  metal 

completely  dissolved.  If  the  sample  contains  much  silicon 
(e.g.,  gray  pig  iron)  add  %  to  1  cc.  of  hydrofluoric  acid2  to  dis- 
solve the  gelatinous  silicic  acid,  which  would  otherwise  clog  the 
pores  of  the  filter.  Take  care  not  to  let  any  particles  of  paraffin 
from  the  acid  container  drop  into  the  solution.  Cover  the 
beaker  with  a  watch-glass  and  boil  the  solution  very  gently, 
over  a  small  flame,  for  1  or  2  hr.  Then  dilute  with  water. 

1  In  determining  graphite  or  temper  carbon  it  is  often  better  to  use  small 
pieces  lather  than  turnings.     This  is  especially  true  when  it  is  a  question 
of  determining  the  amount  of  graphite  or  temper  carbon  in  one  place  on  a 
MUCH.     (See  Part  1,  p.  73.) 

It   i>  liest   to  pour  the  hydrofluoric  acid  into  tin-  beaker  it)  such  a  way 
that    it    will   not   conic  into  immediate  contact    with  the  glum. 
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set    the    beaker    a.-ide    t'<>r    a    -hurt    I  line    \n   :il|«.\v    ili<-    insoluble 
matin-  to  settle,  ami  filler  through  a   well-fin  r  ins  tiller1 

into  Jin  Krlenmeyer  fla-L 

Al'ler  tho  liquid  and  residue  have  all  been  poured  out  of  the 
beaker,  nil)  the  >ides  of  the  glass  w'tn  ;l  rubber-tipped  stirring- 
rod  to  remove  any  adhering  pail  ides,  t.hen  rinse  the  Leaker  with 
hot  water  and  wash  the  filter  and  re>idue  until  free  from  acid. 

The  residue  on  the  filter  may  be  decomposed  in  a  Corleis  flask 
using  the  ohrome-sulfurio  acid  method.2 

For  this  purpose,  remove  the  moist  filter  and  residue  from  the 
funnel  with  a  pair  of  pincers  and  spread  it  on  a  watch-glass. 
Wipe  out  the  funnel  with  some  ignited  asbestos  and  add  this  to 
the  major  part.  Throw  all  of  the  asbestos  into  the  <  'orleis  flask 
and  oxidize  the  graphite  or  temper  carbon  exactly  as  described 
on  p.  128. 

The  calculation  is  made  in  the  same  way  as  with  total  carbon. 

Test  Analyses. — The  results  of  some  graphite  determinations 
are  given  in  Table  82. 

The  determination  of  total  carbon  in  the  same  samples  gave 
the  following  values: 

Sample  1  =  4.27  per  cent. 
Sample  2  =  0.76  per  cent. 
Sample  3=0.19  per  cent. 

1  Asbestos  for  this  purpose  is  prepared  as  follows:  Cut  long-fihered  asbestos 
into  pieces  about  1  em.  long  and  lu-nt  them  with  successive  portions  of  strong 
hydrochloric  acid,  until  a  portion  of  fresh  acid  is  not  colored  appreciably 
yellow.     Wash  the  asbestos  free  from  acid  with  hot  water,  dry  the  mat  of 
asbestos  in  the  hot   closet  and  finally  ignite  it  in  a  porcelain  crucible  to 
destroy  any  organic  matter. 

To  make  the  filter,  place  some  of  the  ignited  asbestos  in  the  stem  of  an 
ordinary  short  funnel.  By  a  stream  from  the  wash  bottle,  distribute  the 
fibers  in  such  a  way  that  the  fine  material  will  close  the  pores  made  by  the 
coarser  fibers  and  form  a  tight  mat. 

The  filter  is  known  to  be  tight  if  the  funnel  stem  will  stay  full  of 
water.  An  asbestos  filter  made  in  this  way  will  filter  rapidly  and  if  enough 
a-bestos  is  used  will  be  tight  enough  to  hold  all  hut  the  most  finely  divided 
precipitates.  Another  method  of  preparing  ignited  asbestos  is  given  on 
page  158. 

2  The  combustion  of  graphite  may  also  be  carried  out  in  a  current  of 
oxygen.     To   do   this,  transfer  the  asbestos  containing  the  filtered  carbon 
to  a  porcelain  boat  while  still  moist,  dry    it  at  105°  to   110°  and   burn  it 
M  dr-cribrd  on  p.  145,  or  on  p.  159.     Method  5,  p.  101,  may  also  be  used. 
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TABLE  82 


No. 

Material 

Kxp. 

Weight, 

•ample 

Gain  in  weight 

Graphite, 

PIT  cent. 

Tube  1 

Tube  2 

1 

Pig  iron 

a 
b 

1.0000 
1.0000 

0.1260 
0.1284 

10] 

[0] 

3.44 
3.50 

2 

Nickel   steel    (24   per 
cent.  Ni) 

a 
b 

5.000 
5.000 

0.0156 
0.1056 

[0] 
[0.0024] 

0.58 
0.58 

3 

Nickel   steel    (26   per 
cent.  Ni) 

a 
b 

6.00 
6.00 

0.0054 
0.0052 

[0.0006] 
[0.0008] 

0.02 
0.02 

CHAFFED  II 

SILICON 

1.  DETERMINATION  IN  MATERIALS  SOLUBLE  IN  ACID 

Principle. — On  treating  iron  and  sled  with  acid,  the  silicon 
present  as  silicide  is  changed  to  hydrated  silicon  dioxide,  com- 
monly called  silica.  It  is  probable  that  during  the  treatment  wit  h 
acid  there  is  an  intermediate  formation  of  volatile,  easily 
decomposable  substances  such  as  SiH4  and  SiCl4.  Thus  when 
iron  silicide  reacts  with  hydrochloric  acid,  the  reaction 

FeSi  +  6HC1  =  FeCl2  +  SiCl4  +  3H, 

may  take  place,  but  the  silicon  chloride,  as  fast  as  it  is  formed, 
reacts  with  the  water  present  to  form  hydrated  silicon  dioxide: 

SiCl4  +  2H20  =  Si02  +  4HCI 

This  second  stage  of  the  reaction  takes  place  so  quickly  that 
there  is  never  any  loss  of  silicon  by  volatilization  (cf.  Test  An- 
alyses, pp.  176, 180).  The  silicon  dioxide,  to  a  considerable  extent, 
remains  dissolved  as  colloid  (sole).  By  evaporating  the  hydro- 
chloric (or  sulfuric)  acid  solution  and  heating  the  residue  to  at 
least  135°  the  colloidal  silicic  acid  becomes  dehydrated  sufficiently 
to  convert  the  colloid  into  the  insoluble  form  (gele)  and  by 
washing  with  hydrochloric  acid  it  can  be  freed  from  the  soluble 
chlorides  of  the  other  metals. 

METHOD  A.    SOLUTION  OF  THE  SAMPLE  IN  HYDROCHLORIC  ACID 

Procedure. — Weigh  out  2  to  4  g.  of  gray  cast  iron  or  silicon  steel 
(up  to  5  per  cent.  Si),  or  5  to  10  g.  of  white  cast  iron,  ingot  iron, 
wrought  iron  or  ordinary  steel,  into  a  porcelain  cas>en»le  of 
12  to  15  cm.  diameter.  Cover  the  casserole  with  a  watch-glass 
and  dissolve  the  metal  in  hydrochloric  acid,  sp.  gr.  1.12,  using 
10  cc.  of  acid  for  each  gram  of  metal. 
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When  the  main  reaction  is  over,  place  the  casserole  on  the 
water  bath  and  heat  till  the  solution  of  the  material  is  com- 
plete. Then  rinse  off  the  bottom  of  the  watch-glass,  to  re- 
move any  silicon  dioxide  that  may  have  spattered  upon  it,  and 
evaporate  to  dryness.  Place  the  dish  containing  the  dry  resi- 
due upon  a  Finkener  tower  (Fig.  1 18)  and  heat  for  about  an  hour, 
until  no  more  fumes  of  hydrochloric  acid  are  evolved  and  the 
contents  of  the  dish  have  become  brown.  During  this  heating. 
the  dish  should  be  frequently  turned  to  secure  uniform  heat- 
ing of  the  residue.  Instead  of  using  the 
Finkener  tower,  the  casserole  and  its  con- 
tents may  be  heated  for  an  hour  in  a 
hot  closet  kept  at  about  135°  or  upon  a 
sand  bath. 

After  the  above  heating,  cover  the  dish 
with  a  watch-glass  and  allow  it  to  cool. 
Q  Without  removing  the  watch-glass,  cover 
the  cool  residue  with  hydrochloric  acid 
(sp.  gr.  1.12),  using  about  10  cc.  for  each 
gram  of  original  substance,  and  heat  upon 
the  water  bath  until  the  chlorides  are  en- 
tirely dissolved,  from  time  to  time  stirring 
the  liquid  with  a  glass  rod. 

If  a  dark-brown  residue  of  ferric   oxide 
:   or  basic  salt  remains  undissolved  at    the 
bottom  of  the  dish,  it  is  because  the  resi- 
due  was    heated    too  strongly.     In  sin -h 
evaporate   the   solution    again  to  dryne-s   and,   without 
further   heating,  take   up   the   residue  in  concentrated  hydro- 
chloric acid  (sp.  gr.  1.2). 

Dilute  the  solution  with  about  150  cc.  of  water,  heat  nearly 
to  boiling,  and  filter  promptly1  through  a  9  cm.  filter.2 

If  the  original  material  contained  considerable  silicon  and 
there  is  danger  of  the  filter  becoming  clogged  or  of  the  filtrate 
running  through  turbid,  it  is  well  to  add  some  filter-paper  pulp 

1  If  the  solution  stands  long  before  filtering  a  little  siliea  dissolves. 

2  In  all  cases  where  the  precipitate  is  to  be  writhed.  a  filter  washed  with 
milfuric  and  hydrofluoric  acids  must  be  used;  the  ash  of  such  a  filter 

less  than  0.1  ing. 
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before  filtering.  The  pulp  i-  prepared  by  shaking  small  pieces 
of  filter  paper  with  lint  water  in  a  -toppm-d  1  -irlenmeyer  lla.sk.1 

After  all  the  liquid  has  pa»ed  through  the  filter,  transfer  as 
much  as  possible  of  the  precipitate  to  the  filter  by  means  of  a 
stream  of  water  from  the  wash  bottle,  and  remove  the  la>t  traces 
of  precipitate  from  the  sides  of  the  dish  by  rubbing  with  a  pie.-r 
of  filter  paper  which  has  been  moistened  with  alcohol.  The  paper 
may  be  rubbed  directly  with  the  finger  or  with  the  aid  of  a  glass 
rod  covered  on  the  end  with  smooth  rubber  tubing  (a  "poli<<- 
man").2 

Wash  the  filter  and  residue  with  hot,  dilute  hydrochloric  acid 
(1  :5)  until  the  filtrate  gives  no  blue  color  with  potassium  ferri- 
cyanide  solution.  While  still  moist,  place  the  filter  and  pre- 
cipitate in  a  weighed  platinum  crucible,  place  the  latter  on  it- 
side  in  a  triangle  and  dry  carefully  by  a  small  flame  placed  mar 

1  The  rate  at  which  the  solution  runs  through  the  filter  is  influenced  largely 
by  the  way  the  paper  is  folded  (rf.  Ilaaschou,  Z.  anal.  Chem.,  49,  759  (1910). 
Filters  which  lie  against  the  funnel  all  along  the  sides  of  ten  work  badly,  whep- 
as  filters  which  adhere  to  the  sides  of  the  funnel  only 
near  the  top,  with  the  rest  of  the  paper  hanging  free, 
permit  the  more  rapid  passage  of  the  solution  through 
them.  For  this  reason,  it  is  well  to  make  the  second 
fold  of  the  filter  a  little  wider  than  a  right  angle. 
To  prevent  the  formation  of  a  channel  through  which 
a  part  of  the  precipitate  may  be  sucked,  it  is  well  to  tear 
off  a  little  of  the  inside  edge  as  shown  in  Fig.  119. 

To  place   the   paper   in    the  funnel,  take  hold  of  the 
funnel  with   the  left   hand,  insert    the   folded  filter  and 
hold   it   firmly  in   position  with   the   index  finger  of  the 
left  hand.     Then  fill  t  he  filter  with  water  by  a  stream 
from  the  wash  bottle,  stopper  the  funnel  tube  with  the        ].',,; 
finger,  raise  the  filter  a  little  to  allow  the  air  in  the  funnel 
tube  to  escape,  replace  the  filter  in  its  proper  position  and  press  out  the  air 
bubbles  between  the  paper  and  the  glass  sides  of  the  funnel.     Then  allow  t  he 
water  to  run  through  the  funnel  and  pour  more  water  upon  the  filter. 

In  filtering,  keep  liquid  in  the  funnel  but  do  not  allow  the  level  to  rise 
higher  than  the  top  of  the  paper. 

Under  no  circumstances  should  a  filter  he  used  that  is  large  enough  to 
completely  fill  the  funnel.  The  use  of  a  filter  extending  above  the  funnel 
is  never  permissible  in  quantitative  work. 

a  When  a  little  tungsten  is  present,  a  yellow  film  usually  adheres  very  firmly 
tothesidesof  the  procelain  dish.  This  may  he  removed  by  rubbing  with  fil- 
ter paper  moistened  with  ammonia,  (rf.  Tungsten,  p.  :*24.) 
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the  mouth  of  the  crucible.  When  all  the  moisture  has  been 
expelled,  transfer  the  flame  to  the  base  of  the  crucible  and  destroy 
the  paper  at  as  low  temperature  as  possible  without  allowing 
it  to  take  fire.  Finally  ignite  strongly,  using  the  blast  lamp  if 
the  quantity  of  silica  is  considerable.  Cool  in  a  desiccator1  and 
weigh.  Repeat  the  ignition  and  weighing  until  a  constant  weight 
is  obtained. 

In  the  analysis  of  white  cast  iron,  wrought  iron,  steel,  etc., 
the  precipitate  of  silicon  dioxide  usually  appears  gray  colored 
on  the  filter  but  is  perfectly  white  after  being  ignited.  In  no 
case,  however,  where  accurate  results  are  desired,  should  it  be 
regarded  as  perfectly  pure  but  its  purity  must  be  determined 
by  treatment  with  sulfuric  and  hydrofluoric  acids,  whereby 
volatile  silicon  fluoride  is  formed. 

To  this  end,  moisten  the  silicon  dioxide  in  the  platinum  cru- 
el! >le  with  sulfuric  acid2  (1:1),  add  from  1  to  3  cc.  of  pure  hydro- 
fluoric acid,3  and  evaporate  as  far  as  possible  on  the  water  bath. 
Phiee  the  crucible  on  the  Finkener  tower4  and  gradually  raise 
the  temperature  until  all  the  free  sulfuric  acid  has  been  expelled, 
then  decompose  any  sulfates  by  direct  ignition  over  the  free 

lcf.  p.  194,  footnote. 

2  The  addition  of  the  sulfuric  acid  has  a  double  purpose.  On  the  one 
hand,  it  aids  the  reaction  between  silica  and  hydrofluoric  acid  by  acting  as  a 
dehydrating  agent  and  prevents  the  formation  of  fluosilicic  acid  by  the 
interaction  of  silicon  fluoride  and  water.  On  the  other  hand,  it  prevents  the 
volatili/ation  of  other  fluorides,  such  as  those  of  aluminium,  iron,  chromium, 
titanium  and  vanadium.  When  these  last-merit ioned  elements  ;ire  present, 
they  will  be  volatilized  to  some  extent  as  fluorides  if  too  little  sulfuric  acid 
is  used,  and  the  silicon  result  will  be  too  high.  Sulfuric  acid  decomposes 
these  fluorides  before  their  boiling  points  are  reached  and  the  sulfates  are 
decomposed  upon  further  heating  into  oxide  and  sulfuric  anhydride,  thus 
leaving  them  in  the  same  condition  as  before  the  treatment.  The  amount 
of  .sulfuric  acid  to  be  added  should  l>e  regulated  by  the  probable  amounts  of 
these  impurities.  When  tungstic  acid  is  present,  the  ignition  before  and 
after  treatment  with  hydrofluoric  acid  must  not  be  over  the  blast  lamp. 
Timg-Jt  ic  acid  is  -lightly  volatile  when  heated  with  sulfuric  acid  in  a  platinum 

crucible. 

»  The  purity  of  the  acid  should  be  tested  by  evaporating  some  of  it   to 

dryness  and  making  sure  that  there  is  no  weighaMe  residue  after  ignition. 

•cad  of  u.->ing  the  water  bath  and  Hnkener  tower,  the  evaporation  of 

:>l  may  take  pi  pending  tin-  crucible  in  a  larger  iron  crucible 

(by  inserting  platinum  wires  in  the  latter)  and  heating  over  the  free  flame. 
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flame,  usin'j-  a  high  tempera!  ure  at   the  last,  mi. I  in  a  de-i 

and  weigh.      The  loss  on   volatilization  represents  the  weight  of 

pure  Si02: 

SiO,  -h  4HF  =  SiF4  +  H2O 

Usually,  in  spite  of  all  the  pains  that  may  be  taken  with  the 
analysis,  small  (plant  it  ies  of  ferric  and  manganic  <>\id<--  remain 
behind  after  the  treatment  with  hydrofluoric-  acid,  and  in  the 
analysis  of  steels  containing  tungsten,  titanium,  chromium,  and 
vanadium  these  elements  are  invariably  present  in  the  residue 
to  a  greater  or  less  extent. 

In  the  determination  of  silicon  in  gray  cast  iron,  all  the  graphite 
remains  behind  with  the  silica  and  care  should  be  taken  to 
burn  it  completely  before  weighing.  It  is  almost  impossible 
to  obtain  a  silica  precipitate  so  pure  that  the  treatment  with 
hydrofluoric  acid  is  unnecessary  but  a  more  complete  removal 
of  the  iron  may  be  accomplished  if,  after  washing  with  dilute 
hydrochloric  acid  on  the  filter,  the  silica  is  washed  well  with 
alcohol  to  remove  substances  formed  by  the  decomposition 
of  carbide,  and  again  with  hydrochloric  acid  to  the  disappear- 
ance of  the  iron  test. 

Small  quantities  of  silicic  acid  remain  in  the  first  filtrate  but 
when  the  work  is  done  carefully  according  to  the  above  din •••- 
tions  the  silica  thus  lost  will  rarely  amount  to  more  than  a  frac- 
tion of  a  milligram  and  this  is  more  than  balanced  by  the  amount 
of  silica  that  is  obtained  from  the  reagents  and  from  the  dishes. 
In  iron  and  steel  analysis,  therefore,  it  is  unnecessary  to  evaporate 
the  filtrate  from  the  silica  precipitate  to  recover  more  silica, 
although  this  is  usually  necessary  in  the  analysis  of  silicates. 

The  filtrate  from  the  silica  determination,  together  with  any 
residue  from  the  treatment  with  hydrofluoric  acid,  may  be  used 
for  the  determination  of  manganese,  copper,  nickel,  chromium, 
aluminium,  etc.,  but  not  for  the  determination  of  phosphorus  or 
sulfur. 

METHOD  B.  SOLUTION  OF  THE  SAMPLE  IN  NITRIC  ACID 

Weigh  out  the  same  amount  of  metal  as  stated  for  Method  A 
and  add  12  cc.  of  nitric  acid  (sp.  gr.  1.18)  for  each  gram  of  metal. 
Add  the  acid  in  small  portions,  waiting  each  time  till  the  violent 
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reaction  is  over.  When  all  the  acid  has  been  added,  heat  on 
a  water  bath  until  the  sample  has  all  dissolved.  If  there  is 
turbidity  due  to  a  brown  deposit,  bring  this  into  solution  by 
adding  more  nitric  acid  and  heating  until  eventually  a  fairly 
clear,  more  or  less  dark  brown  colored  solution  is  obtained.  Re- 
move the  watch-glass  and  evaporate  on  the  water  bath  as  near 
dryness  as  possible.  Since  a  film  forms  on  the  surface  of  the 
liquid  which  makes  it  difficult  to  evaporate  to  dryness,  rotate 
the  solution  about  the  dish  from  time  to  time  so  that  liquid 
collects  on  top  of  the  dry  layer. 

It  is  not  advisable  to  hasten  the  evaporation  by  constantly 
Stirling  with  a  glass  rod  because,  during  the  subsequent  heating, 
pieces  of  the  glass  are  likely  to  splinter  off  the  rod  and  render 
the  determination  of  the  silicon  inaccurate. 

To  remove  all  the  nitric  acid,  heat  the  dish  upon  the  Fink- 
ener  tower  or  on  a  sand  bath.  Another  way  is  to  heat  the  dish 
on  a  piece  of  asbestos  plate,  3  mm.  thick,  over  a  Fletcher  burner, 
taking  care  to  heat  gently  at  first. 

Care  must  be  taken  to  avoid  loss  by  spattering.  When  no 
more  bubbles  of  gas  are  evolved,  remove  the  cover  glass 
and  heat  the  contents  of  the  dish  still  hotter  until  the  nitrates 
are  decomposed  (in  using  the  Finkener  tower,  remove  the  wire 
gauze) .  Finally,  cover  the  dish  with  a  watch-glass  and  ignite  over 
a  free  flame  until  no  more  red  vapors  are  evolved,  showing 
that  the  decomposition  of  the  nitrates  is  complete.  The  oxides 
are  now  dark  brown  and  do  not  adhere  very  firmly  to  the 
sides  of  the  casserole. 

Allow  to  cool,  moisten  with  a  little  concentrated  hydro- 
chloric acid  (sp.  gr.  1.19)  and  warm  for  a  short  time.  Then 
add  10  cc.  of  hydrochloric  acid  (sp.  #r.  1.12)  for  each  gram  of 
metal  and  heat,  while  stirring  with  a  glass  rod,  until  all  the 
ferric  oxide  dissolves. 

To  make  sure  that  the  silicon  dioxide  is  all  in  the  insoluble 
condition,  evaporate  the  hydrochloric  acid  solution  to  dryness 
and  heat,  for  some  time  at  135°.  After  cooling,  moisten  the 
residue  with  concentrated  hydrochloric  acid  (sp.  ^r.  l.l'.i  :md 
then  add  the  Mime  volume  of  hydrochloric  acid  (sp.  ^r.  1.12)  as 
before,  dilute,  filter  and  wash  with  dilute  hydrochloric  acid  until 
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the  washings  give  no  te<i  for  iron  with  poia-ium  thiocyanate 
solution. 

With  material  free  from  graphite,  th.-  >iliron  dioxide  is  ob- 
tained l)v  this  method  in  the  form  of  a  white  or  nearly  colorless 
gelatinous  precipitate;  if  tungsten  is  present  it  is  indicated  by 
its  yellow  color. 

With  materials  containing  graphite,  the  precipitate  requires 
the  same  treatment  as  is  recommended  under  Method  A.  In 
all  cases  the  treatment  with  hydrofluoric  acid  is  necessary. 

The  filtrate  from  the  silica  can  IK*  used  for  the  determination 
of  substances  such  as  manganese,  copper,  nickel,  aluminium, 
chromium  phosphorus  and  iron,  but  not  for  (lie  determination 
of  sulfur. 

METHOD  ('.  SOLUTION  IN  NITRIC  ACID  AND  ADDITION  OF 
SULFURIC  ACID 

In  this  method,  which  was  proposed  by  T.  M.  Drown1  and  is 
regarded  as  a  standard  method  in  the  United  States,  the  sample 
is  dissolved  as  in  Method  B,  sulfuric  acid  is  added  and  the 
solution  is  evaporated  until  copious  fumes  of  sulfuric  anhydride 
are  evolved.  The  hot,  concentrated  sulfuric  acid  acts  as  a  very 
efficient  dehydrating  agent,  thus  making  the  silicon  dioxide  in- 
soluble. The  method  is  much  more  rapid  than  either  of  the 
above  and  the  results  are  equally  accurate. 

Procedure. — Dissolve  1  g.  of  cast  iron  in  20  cc.  of  nitric 
acid  (sp.  gr.  1.2)  in  a  platinum  or  porcelain  dish.  When  all 
action  has  ceased,  add  20  cc.  of  sulfuric  acid  (1:1)  and  evaporate 
until  dense  fumes  of  sulfuric  anhydride  are  evolved.  During 
the  final  heating  the  dish  should  not  be  covered  with  a  watch- 
glass  because  the  water  that  condenses  in  the  glass  will  cause 
spattering  as  it  drops  into  the  hot  sulfuric  acid.  Allow 
to  cool,  dilute  with  150  cc.  of  water  and  heat  carefully  until  all 
the  ferric  sulfate  is  dissolved.  Filter  the  hot  solution  and  wash 
first  with  hydrochloric  acid  (sp.  gr.  1.1)  and  then  with  hot  water. 
Tho  further  treatment  of  the  precipitate  is  the  same  as  in  the 
other  methods. 

1  J.  Inst.  Min.  Kn«.,  7, 
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Computation. — If  p  =  vvt.  of  SiO2,  s  =  wt.  of  substance,  then 

SiXpXIOO      46.93p 
Per  cent.  Si  =     0    ^ 

SiO2  X  s  s 

The  computation  is  the  same  for  all  three  of  the  methods. 

Test  Analyses. — Experiments  with  steel  containing  0.33  per 
cent.  Si,  silicon  steel  with  1.65  per  cent.  Si,  chrome  steel  with 
0.20  per  cent.  Si  and  chrome-tungsten  steel  with  0.23  per  cent. 
Si  have  shown  that  practically  identical  values  are  obtained  with 
Methods  A  and  B  and  the  results  by  various  chemists  on  stand- 
ard steels  and  cast  irons  prepared  by  the  Bureau  of  Standards 
at  Washington,  D.  C.,  show  that  Method  C  is  capable  of  giving 
equally  exact  results.  A  high  vanadium  content  of  the  steel  does 
no  harm. 

Accuracy  of  the  Results. — The  chief  sources  of  error  in  the 
determination  of  silicon  are: 

1.  Silicic  acid  present  in  the  acids. 

2.  Solution  of  silica  from  the  porcelain  dish. 

3.  Solubility  of  silicon  dioxide  in  hydrochloric  acid  solutions 
containing  ferric  chloride. 

4.  Presence  of  non-volatile  material  (oxides  of  iron,  aluminium 
or  of  the  alkalies)  in  the  hydrofluoric  acid. 

The  first  two  sources  of  error  tend  to  cause  the  results  to 
come  out  too  high  and  the  last  two  sources  tend  to  give  too  low 
results.  The  errors,  therefore,  may  compensate  one  another. 

The  extent  of  error  arising  from  the  first  and  second  sources 
should  be  determined  by  blank  tests  carried  out  with  the  same 
amount  of  acid  as  in  the  analysis.  The  quantity  of  silica  thus 
found  should  be  deducted  from  that  obtained  in  the  analysis. 
The  silicic  acid  content  of  acids  increases  slowly  up  to  a  certain 
point  upon  standing  in  glass  bottles.  The  silica  obtained  by 
evaporation  in  porcelain  dishes  is  usually  a  very  small  quantity. 

The  hydrofluoric  acid  should  he  tested  to  sec  if  the  quantity 
used  in  the  analysis  leaves  a  wcighable  residue.  This  is  not 
usually  the  case  with  the  best  m.t«l«-  of  hydrofluoric  acid. 

As  regards  the  solubility  of  silicon  dioxide  in  hydrochloric  acid 
solutions  containing  iron,  there  are  very  few  statements  in  the 
literature.  It  is  pretty  certain,  however,  that  this  error  i>  not 
large  and  probably  does  not  exceed  the  error  in  weighing.  There 
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is  always  a  tendency  for  the  deposited  gelatinous  silicic  acid  to 
pass  into  the  colloidal  condition  and  thi-  tendency  becomes 
noti. -cable  if  the  solution  is  allowed  to  stand  some  time  before 
filtering. 

It   is  probably  safe  to  assume,  however,  that  the  error  in  a 

silicon  determination  when  carefully  rained  out  is  not  greater 
than  ±  1  ing.  and  on  a  1  g.  sample  this  would  amount  to  0.06 
per  cent,  or  on  a  10  g.  sample  to  0.005  per  cent .  1 1  follows,  there- 
fore, that  the  results  should  not  be  regarded  as  accurate  beyond 
the  second  decimal  and  a  silicon  content  below  0.01  per  cent, 
cannot  be  determined  with  accuracy  by  any  one  of  the  above 
methods. 

Permissible  Deviation  of  Silicon  Values. — Corresponding  to 
the  sources  of  error  and  the  accuracy  attainable  in  the 
determination,  the  following  table  represents  the  allowable  de- 
viation in  duplicate  results  on  the  same  sample. 

Si  content  Allowahle  error 

0.01  to    0.25  per  cent 0.005  per  cent. 

0.25  to    1.00  per  cent 0.01    percent. 

1 . 00  to    5 . 00  per  cent 0. 02    per  cent. 

5. 00  to  10. 00  per  cent 0.03    per  cent. 

Applicability  of  Methods  A,  B,  and  C. — All  grades  of  iron  and 
steel  that  are  soluble  in  hydrochloric  acid  or  nitric  acid  and  most 
other  metals  or  alloys  that  are  soluble  in  these  acids  (e.g.,  nickel, 
chromium,  manganese,  aluminium,  zinc,  molybdenum)  may  be 
analyzed  for  silicon  by  any  of  the  above  methods. 

Irons  containing  up  to  5  per  cent,  silicon  can  be  dissolved  with- 
out much  difficulty  but  incomplete  solution  always  results  when 
the  silicon  content  is  much  higher;  in  such  cases,  therefore,  these 
methods  have  no  advantages  over  the  fusion  methods  described 
under  2. 

2.   DETERMINATION  OF  SILICON  IN  MATERIALS  INSOLUBLE  IN 

ACID 

Principle.  --Finely  pulven/ed  metals  and  alloys  can  l»e  attacked 
by  heating  with  a  mixture  of  pure  sodium  carbonate  and  pure 
magnesium  oxide. 

12 
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The  chemical  reaction  that  takes  place  is,1  in  the  first  place, 
an  oxidation,  and  depends  upon  the  tendency  of  sodium  car- 
bonate to  decompose  into  sodium  oxide  and  carbon  dioxide; 
the  latter  acts  upon  the  metals  forming  metal  oxide  and  car- 
bon monoxide.2  Similarly,  the  reaction  that  takes  place  with 
the  metalloid  silicon  may  be  expressed  as  follows: 


(a)  Na2CO3^±Na2O  +  C02 
(6)  Si  +  2CO2  =  SiO2  +  2CO 
(c) 


The  addition  of  magnesium  oxide  prevents  the  mass  from  fusing 
and  us  a  result  the  carbon  dioxide  passes  off  more  readily  and 
without  the  danger  of  loss  by  spattering  that  would  result  if 
the  flux  were  liquid. 

After  ignition,  the  mass  is  dissolved  in  water  and  dilute  acid 
and  the  silica  is  determined  as  already  described. 

Ignition  Mixtures.  —  It  is  well  to  have  two  mixtures  at  hand, 
one  consisting  of  two  parts  sodium  carbonate  to  one  part  mag- 
nesium oxide,  the  other  of  one  part  sodium  carbonate  and  two 
parts  magnesium  oxide.  The  mixtures  should  be  thoroughly 
incorporated  by  rubbing  in  a  mortar.  The  first  mixture  was 
proposed  by  Rothe8  and  the  second  by  Eschka.4  As  a  rule  the 
Rothe  mixture  is  used  but,  when  fusion  results  with  it,  the  Eschka 
mixture  is  required. 

Procedure.  —  The  chief  requirement  for  the  success  of  the 
ignition  process  is  that  the  material  shall  be  in  the  form  of 
very  fine  powder.  The  finer  the  powder,  the  more  rapid  and 
the  more  complete  the  attack.  Coarse  pieces  may  be  broken 
up  in  a  diamond  mortar  and  then,  if  possible,  ground  in  an 
agate  mortar  until  all  the  powder  passes  through  a  120-mesh 
sieve. 

Of  material  rich  in  silicon  (metallic  silicon,  ferro-silicon)  take 
from  0.3  to  1  g.,  but  of  alloys  with  low  silicon  content  (ferro- 

1  Sodium  carhonate  alone  may  be  used  in  some  cases  but  the  metal  is 
attacked  less  readily  :m<l  then-  is  more  danger  of  loss  by  spattering. 
5  I>MSH,  Chem.-Ztg.,  34,  781  (1910). 

tt.  kul.  M.-itrri.-.lpnifuMtfsMmt,  26,  .",1   (1907). 
4  Z.  anal,  clu-m.,  13,  :J14  (1874). 


chrome,  feiTo-tmmMeii,  etc.)  t-fik«'  up  '"  5  g.  For  the  ignition, 
a  spacious  platinum  crucible  i>  required  ami  it  should  be 
thoroughly  cleaned  by  fu>iim  sodium  carbonate  in  it  and  wa>hing 
with  water  and  dilute  acid.  Before  introducing  the  sample, 
cover  the  bottom  of  the  clean  crucible  with  a  layer  3  to  4  mm. 
deep  of  the  sodium  carbonate  and  magnesia  mixture.  Mix  the 

weighed  sample  in  a  clean  agate  mortar  with  7  to  8  times  a*  much 
of  the  ignition  mixture  and  then  transfer  the  powder  without 
loss  to  the  crucible  (using  glazed  paper  beneath  the  crucible 
to  catch  any  powder  that,  is  spilt).  Clean  the  mortar  and  pe-ile 
by  rubbing  with  a  little  more  of  the  ignition  mixture,  and  add 
tin;  latter  to  the  contents  of  the  crucible.  Then  place  the  cover 
on  the  crucible  and  heat  strongly  for  half  an  hour  using  a  good 
burner,  and  finally  heat  30  min.  to  1  hr.  over  the  blast  lamp. 
Or,  if  an  electric  muffle  furnace  is  at  hand,  it  may  be  used  to 
advantage.  In  this  case  the  crucible  should  not  come  inlo  direct 
contact  with  the  glowing  walls  of  the  muffle  as  there  is  danger  of 
both  crucible  and  muffle  being  injured;  the  crucible  should  In- 
placed  upon  a  platinum  triangle,  with  the  three  ends  of  the  latt.  i 
bent  vertically  downward  and  resting  on  the  bottom  of  the 
muffle  (ef.  Fig.  128). 

When  the  ignition  is  accomplished,  remove  the  crucible  and 
allow  it  to  cool.  The  cake  within  the  crucible  should  be  sin- 
tered into  a  coherent  mass  without  being  at  any  place  fused  to 
the  sides  of  the  crucible.  By  simply  inverting  the  crucible  the 
cake  should  fall  out,  leaving  the  crucible  nearly  clean.  The 
crucible  is  not  attacked  appreciably  and  experiments  have 
shown  that  after  igniting  several  grams  of  different  alloys  there 
is  no  sensible  loss  in  weight  of  the  crucible. 

Soften  the  mass  in  a  porcelain  casserole  by  treatment  with 
water;  wash  out  the  crucible  well  and  dissolve  any  adhering 
solid  by  heating  with  dilute  hydrochloric  acid,  adding  the  solu- 
tion to  the  contents  of  the  porcelain  dish.  Cover  the  dish  with 
a  watch-glass,  add  hydrochloric  acid  until  the  sodium  carbonate 
is  all  decomposed  and  heat  on  the  water  bath  until  all  the  mag- 
nesia, iron  oxide,  etc.,  is  dissolved.  For  10  g.  of  the  ignition 
mixture,  about  45  cc.  of  hydrochloric  acid  §p.  irr.  1.12)  are 
required.  Evaporate  the  solution  on  the  bath  as  far  as  possible 
and  complete  the  necessary  dehydration  of  the  silicic  acid  by  the 
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customary  heating  to  135°. l  After  cooling,  moisten  with  con- 
centrated hydrochloric  acid  (sp.  gr.  1.19),  add  the  usual  quantity 
of  hydrochloric  acid  (sp.  gr.  1.12)  and  heat  until  all  the  soluble 
salts  have  dissolved. 

Dilute  the  solution  with  water,  filter  off  the  silica,  wash  with 
dilute  hydrochloric  acid  and  test  the  filtrate  for  silica  by  evapo- 
rating again  to  dry  ness,  repeating  the  treatment  of  the  residue 
as  above,  and  filtering  through  a  fresh  filter. 

If  the  precipitated  silicon  dioxide  should  be  contaminated 
with  heavy  dark  particles  of  unattacked  material  (distinguish- 
able from  any  graphitic  particles  by  the  gritty  feeling  under  a 
stirring  rod)  then  the  precipitate,  after  being  washed  well,  must 
\ye  ignited  and  fused  with  sodium  carbonate  in  a  platinum  cru- 
cible. From  this  fusion,  the  silica  is  recovered  in  the  same  man- 
ner as  described  above  for  the  treatment  of  the  mass  after  the 
original  ignition. 

After  igniting  the  silica  to  constant  weight,  determine  its 
purity  by  treatment  with  sulfuric  and  hydrofluoric  acids. 

Test  Analyses. — By  this  method,  duplicate  determinations 
agreed  within  0.1  per  cent,  in  the  analysis  of  samples  of  forro- 
silicon  containing  respectively  78  per  cent,  and  92  per  cent.  Si 
and  of  silico-manganese  having  23  per  cent.  Si. 

ACCURACY  OF  THE  RESULTS  BY  THE  IGNITION  METHOD. — 
Inasmuch  as  the  weights  of  sample  taken  for  analysis  by  this 
method  are  not  usually  as  large  as  those  taken  for  analysis  l.y 
the  other  methods,  it  is  evident  that  anerrorof  1  mg.  in  the  weigh! 
of  silicon  dioxide  will  have  a  greater  effect  upon  the  percentage  of 
silicon  found.  For  this  reason  the  accuracy  of  the  results  by  t  his 
method  is  less. 

Errors  may  be  introduced  by  a  silica  content  of  the  flux.  To 
avoid  this  error,  a  blank  determination  should  be  carried  out 
with  the  same  quantity  of  flux  that  is  used  in  the  analysis  and  the 
quantity  of  silica  found  should  be  deducted  from  that  found  in 
the  actual  determination.  It  is  possible,  however,  to  buy  sodium 

lOn  account  of  the  presence  of  magnesium  chloride,  the  evaporation  to 

dryness  requires  more  time  than  usual  and  in  the  subsequent  heating  of  the 
iu-.i-t  residue  special  can-  must  1>e  taken  to  avoid  1«>^  l«y  spattering.  Tin* 
residue  must  not  l»e  heated  above  i:;."i  U  th.-  Mi:iLine<iiun  chloride  forms  a 
basic  salt  which  coin  bines  to  some  extent  with  si  In  a  if  heated  too  much. 
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Oftrbonate  and  magnesium  oodde  80  pun-  that  tin-  -ilica  from  10^. 

Of  the  Kothe  iiiixluiv  i-  not    \\.-iirhal.lr. 

I'l  .KMls>iithK    DEVIATIONS   IN   THE    SILICON    VALUES    in     iiiK 

IGNITION  METHOD.  —  Taking  in  to  account  the  various  sources  of 
error  as  far  as   they  concern  the  determination  of  silicon  in 

material^  rich  in  this  element,  the  pennissihlr  deviation  in  dupli- 
cate determinations  may  be  placed  as  follows: 

Silicon  content  Allowable  rrror 

1  to    10  per  cent  ..................  ±  0.05  per  rmt. 

10  to    20  per  cent  ..................  ±  0.  10  pn  •  rmt. 

20  to    50  per  cent  ..................  ±0.15  per  cent. 

50  to  100  per  cent  ..................  ±0.2    percent. 

Applicability  of  the  Ignition  Method.  —  The  method  is  suitable 
for  the  determination  of  silicon  in  metals  and  alloys  which  are 
insoluble  or  difficultly  soluble  in  acids,  provided  it  is  possible 
to  get  them  in  finely  powdered  form.  The  method  has  to  be 
modified  for  the  analysis  of  titanium  alloys,  inasmuch  as  solu- 
tions containing  titanium  are  likely  to  yield  silica  precipitates 
containing  a  large  part  of  the  titanium  in  the  form  of  hydrated 
titanium  dioxide. 

MODIFICATION  OF  THE  SILICON  DETERMINATION  FOR  TITANIUM 
ALLOYS.  —  Decompose  the  titanium-silicon  alloy  with  the  Rot  he  or 
Eschka  mixture  in  the  usual  manner  and  soften  the  ignited  ma>> 
with  cold  water;  triturate  the  sintered  lumps  in  an  agate  mortar 
and  rinse  everything  into  a  beaker.  Carefully  avoiding  any 
heating  of  the  solution,  add  hydrochloric  aeid  (sp.  gr.  1.12)  until 
the  liquid  is  strongly  acid.  Allow  the  contents  of  the  beakn- 
to  stand  for  an  hour  or  two  in  the  cold.  Then  heat  slowly  on 
the  water  bath,  with  frequent  stirring,  until  a  clear  solution  is  ob- 
tained in  the  course  of  a  few  hours.  Add  20  cc.  of  sulfuric  acid 
(1:1)  and  evaporate  until  all  the  hydrochloric  acid  is  expelled. 
Transfer  the  contents  of  the  beaker  to  a  platinum  dish  and  heat 
on  the  Finkener  tower  until  white  fumes  of  sulfuric  anhydride 
are  evolved.  As  soon  as  this  is  accomplished,  stop  heating  and 
allow  the  dish  to  cool.  Add  water  to  the  residue,  filter  off  the 
silica  and  wash  it  free  from  iron  with  dilute  hydrochloric  acid. 
Ignite,  weigh  and  treat  with  sulfuric  and  hydrofluoric  acids  as 
usual. 
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Test  Analyses. — In  the  analysis  of  metallic  titanium,  dupli- 
cate determinations  on  1  g.  samples  gave  4.79  per  cent,  and 
4.69  per  cent.  Si.  In  the  analysis  of  ferro-titanium,  0.85  and 
0.51  g.  of  material  were  taken  for  analysis  and  the  results  obtained 
were  3.65  per  cent,  and  3.60  per  cent.  Si. 


<  ii Ai'Ti  i;  in 

MANGANESE 

The  manganese  content  of  iron  and  steel  varies  considerably. 
In  ingot  iron  it  is  usually  very  low  and  in  ordinary  steel  it  rarely 
amounts  to  more  than  1  per  cent.  In  manganese  steel  and  in 
certain  other  special  steels,  however,  much  more  manganese  is 
present.  Certain  grades  of  cast  iron  contain  considerable  man- 
ganese and  in  ferro-manganese,  silieo-manganese,  chrome-man- 
ganese, and  other  manganese  alloys,  this  element  constitutes 
the  most  important  constituent. 

1.  GRAVIMETRIC  DETERMINATION  OF  MANGANESE 

Principle. — One  of  the  best  methods  for  separating  manganese 
from  iron  in  the  analysis  of  cast  iron,  steel  and  other  alloys  low 
in  manganese,  is  the  Rothe  ether  separation  which  is  based  upon 
the  fact  that  ferric  chloride  is  very  soluble  in  ether  whereas 
manganese  chloride  is  not. 

If  two  non-miscible  solvents  are  in  contact  with  one  another 
and  a  third  substance  is  present  which  is  soluble  in  both  liquids, 
the  ratio  of  the  concentrations  (quantities  present  in  a  unit  of 
volume  of  each  solvent)  of  this  substance  in  the  two  solvents 
after  equilibrium  has  been  established  will  be  constant  at  any 
given  temperature  provided  the  solute  has  the  same  molecular 
weight  in  both  solutions.  This  is  the  so-called  distribution  law. 

The  ratio  -l  =  k,  where  c\  represents  the  concentration  in  one 

solution  and  c2  the  concentration  in  the  other,  is  called  the  dis- 
tribution coefficient. 

After  removing  the  ferric  chloride  by  shaking  the  hydrochloric 
acid  solution  with  ether,  it  is  then  a  question  of  separating  the 
manganese  from  other  metals  and  acids  that  are  not  dissolved 
by  the  ether  but  remain  in  the  hydrochloric  acid  solution. 
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Test  Analyses. — In  the  analysis  of  metallic  titanium,  dupli- 
cate determinations  on  1  g.  samples  gave  4.79  per  cent,  and 
4.69  per  cent.  Si.  In  the  analysis  of  ferro-titanium,  0.85  and 
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CHAPTER  III 
MANGANESE 

The  manganese  content  of  iron  and  steel  varies  considerably. 
In  ingot  iron  it  is  usually  very  low  and  in  ordinary  steel  it  rarely 
amounts  to  more  than  1  per  cent.  In  manganese  steel  and  in 
certain  other  special  steels,  however,  much  more  manganese  it 
present.  Certain  grades  of  cast  iron  contain  considerable  man- 
ganese and  in  ferro-manganese,  silico-manganese,  chrome-man- 
ganese, and  other  manganese  alloys,  this  element  constitutes 
the  most  important  constituent. 

1.  GRAVIMETRIC  DETERMINATION  OF  MANGANESE 

Principle. — One  of  the  best  methods  for  separating  manga  m  —  - 
from  iron  in  the  analysis  of  cast  iron,  steel  and  other  alloys  low 
in  manganese,  is  the  Rothe  ether  separation  which  is  based  upon 
the  fact  that  ferric  chloride  is  very  soluble  in  ether  whereas 
manganese  chloride  is  not. 

If  two  non-miscible  solvents  are  in  contact  with  one  another 
and  a  third  substance  is  present  which  is  soluble  in  both  liquids, 
the  ratio  of  the  concentrations  (quantities  present  in  a  unit  of 
volume  of  each  solvent)  of  this  substance  in  the  two  solvents 
after  equilibrium  has  been  established  will  be  constant  at  any 
given  temperature  provided  the  solute  has  the  same  molecular 
weight  in  both  solutions.  This  is  the  so-called  distribution  law. 

The  ratio  --  =  fc,  where  ci  represents  the  concentration  in  one 

Ca 

solution  and  c2  the  concentration  in  the  other,  is  called  the  dis- 
tribution coefficient. 

After  removing  the  ferric  chloride  by  shaking  the  hydrochloric 
acid  solution  with  ether,  it  is  then  a  question  of  separating  the 
manganese  from  other  metals  and  acids  that  are  not  dissolved 
by  the  ether  but  remain  in  the  hydrochloric  acid  solution. 

188 
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necessary  to  add  ether-hydrochloric  acid  solution  A  until  6  cc. 
of  the  latter  are  present  for  each  gram  of  dissolved  iron.  Shake 
the  solution  and  cool.  This  addition  of  the  ether-hydrochloric 
acid  serves  partly  to  give  the  proper  hydrochloric  acid  con- 
centration for  a  succesful  separation  by  ether  and  it  also  serves 
to  prevent,  as  far  as  possible,  the  evolution  of  heat  which  takes 
place  when  ether  is  added  to  a  hydrochloric  acid  solution  of 
ferric  chloride. 

Next,  add  ether  until  the  upper  bulb  is  nearly  full,  close  the 
stopcock  and  shake.  If  the  upper  bulb  becomes  at  all  warm, 
cool  under  running  water. 

Fasten  the  shaking  funnel,  at  the  narrow  part  above  the  upper 
bulb,  in  a  clamp  attached  to  a  ring  stand  and  allow  the  liquid  to  re- 
main quiet  for  some  time.  In  this  way,  two  layers  are  obtained. 
The  upper  layer  is  green  and  consists  chiefly  of  ferric  chloride 
dissolved  in  ether.  The  lower  layer  consists  of  a  hydrochloric 
acid  solution  containing  the  chlorides  of  most  of  the  other  con- 
stituents of  the  material  which  is  being  analyzed.  Some  hy- 
drochloric acid  is  present  in  the  ether  solution  and  some  ether 
is  present  in  the  lower  layer.  The  color  of  the  latter  varies  ac- 
cording to  what  metals  other  than  iron  are  present  in  the  original 
substance. 

When  chromium,  nickel  or  much  vanadium  is  present,  the 
color  of  the  hydrochloric  acid  solution  is  green  or  bluish-green; 
if  these  elements  are  absent  the  solution  is  usually  yellow  owing 
to  the  presence  of  small  quantities  of  ferric  chloride.  Often,  a 
brownish-yellow  solution  is  obtained  when  titanium  is  present; 
with  considerable  titanium  and  insufficient  acid  it  sometimes 
happens  that  flakes  of  titanium  dioxide  are  deposited  (cf.  p.  309). 

By  opening  both  the  upper  and  middle  stopcocks,  allow  the 
hydrochloric  acid  solution  to  run  into  the  lower  bulb  but  take 
rare  to  close  the  middle  stopcock  as  soon  as  the  line  of  demarca- 
tion between  the  two  layers  of  liquid  is  reached;  none  of  the 
upper  ethereal  solution  should  pass  into  the  middle  lower  bulb 
at  this  time,  or  into  the  boring  of  the  middle  stopcock.  Allow 
the  solution  in  the  upper  bulb  to  stand  a  little  longer  and  again 
drain  off  the  hydrochloric  acid.  To  wash  out  the  boring  of 
the  middle  stopcock,  add  a  few  cubic  centimeters  of  ether-hydro- 
chloric acid  solution  />',  and,  without  shaking,  drain  of!  the  acid 
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that  collects  below  t.he  ether  into  the  lower  luilh.  Tin-  upper 
bull,  now  contain-  ;in  olive  i;reeii  solution  chiefly  of  ferric  chloride 
and  hydrochloric  and  in  ether,  and  tin-  lower  htilh  contains  an 
aqueous  hydrochloric  acid  solution  of  the  chlorides  of  manganese, 
nickel,  cobalt,  etc.  To  remove  small  quantities  of  these  \-.^\  ele- 
ments that  remain  adhering  to  t  heet  her  solution  in  t  lie  upper  hull*, 
add  10  cc.  of  ether-hydrocliloric  acid  solution  H,  and  to  remove 
small  quantities  of  ferric  chloride  that  are  present  in  the  solution 
contained  in  the  lower  hull),  nearly  fill  it  with  ether.  Close  both 
stopcocks  and  shake  well.  After  the  layers  have  formed  again, 
the  lower  layer  in  the  upper  bulb  contains  some  more  of  the 
manganese,  etc.,  together  wit  h  a  little  ferric  chloride  t  hat  has  been 
shaken  out  of  the  ether.  In  the  lower  bulb,  however,  the  bottom 
layer  ought  not  to  contain  more  than  1  or  2  mg.  of  iron.  1 1  is 
the  purpose  of  subsequent  treatment  to  remove  all  the  metal 
chlorides  except  ferric  chloride  from  the  ether  layer  in  the  upper 
bull*  and  to  free  .these  hydrochloric  acid  extracts  from  iron  as  far 
as  possible  by  shaking  in  the  lower  bull)  with  ether  containing 
very  little  ferric  chloride. 

Allow  the  hydrochloric  acid  solution  in  the  lower  bulb  to  run 
into  the  porcelain  dish  that  was  used  previously  in  the  analysis, 
and  rinse  out  the  boring  of  the  stopcock  and  the  tubing  below  it 
with  a  few  cubic  centimeters  of  ether-hydrochloric  acid  solution 
B.  Then  allow  the  lower  layer  in  the  upper  bulb  to  flow  into 
the  lower  bulb  and  likewise  rinse  the  upper  bulb  with  a  little 
ether-hydrochloric  acid.  To  remove  more  of  the  metal  chlorides 
from  the  ether  in  the  upper  bulb,  again  add  lOcc.  of  ether-hydro- 
chloric acid  solution  B,  shake  and  remove  the  bottom  layers  in 
each  bulb  by  the  same  operations  as  before.  After  the  two 
layers  have  separated  in  each  bulb,  add  the  lower  layer  in  the 
bottom  bulb  to  the  contents  of  the  porcelain  dish  and  allow  the 
lower  layer  in  the  upper  bulb  to  drain  into  the  lower  bulb.  To  be 
on  the  safe  side,  repeat  this  treatment  with  10  cc.  of  ether- 
hydrochloric  acid  solution  B  a  third  and  fourth  time.  Then,  as 
a  rule,  the  separation  is  as  complete  as  is  necessary  and  it  may 
be  assumed  that  the  solution  in  the  porcelain  dish  now  contains 
all  the  manganese,  nickel,  cobalt,  chromium,  aluminium,  copper, 
titanium,  sulfuric  acid,  phosphoric  acid,  and  vanadium  to- 
gether with  small  quantities  of  iron. 
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Large  amounts  of  alkali  salts  cause  trouble;  the  ether  causes 
them  to  precipitate  and  the  deposited  salts  tend  to  clog  the  bor- 
ings in  the  stopcocks.  For  this  reason  the  use  of  alkali  salts 
must  be  avoided  in  preparing  a  solution  for  treatment  with 
ether.  Thus  oxidation  must  be  accomplished  with  nitric  acid 
rather  than  with  potassium  chlorate  and  any  excess  of  acid 
removed  by  volatilization  rather  than  by  neutralization  with 
ammonia. 

In  the  apparatus,  the  iron  is  left  as  ferric  chloride  dissolved  in 
ether  and  hydrochloric  acid.  By  shaking  with  water,  the  greater 
part  of  the  ether  can  be  separated  from  the  ferric  chloride  and 
the  solution  of  the  latter  may  be  used  for  the  determination  of 
iron  (cf.  p.  319).  When  the  method  is  used  frequently,  it  is  well 
to  recover  the  ether.  After  washing  it  with  sodium  hydroxide 
solution,  and  drying  over  calcium  chloride,  it  can  be  easily 
distilled  from  a  steam  bath.  It  is  necessary  to  keep  all  gas 
flames  away  from  the  vicinity  of  the  distilling  apparatus  on 
account  of  the  danger  of  the  vapors  taking  fire. 


FIG.  121. 

Drive  off  the  ether  from  the  hydrochloric  arid  extract  contain- 
ing the  manganese  and  other  metals  by  heating  the  porcelain 
dish  at  one  of  the  cooler  places  on  the  steam  bath  and  then 
evaporate  to  dryness.  Take  up  the  residue  in  a  little  dilute 
hydrochloric  acid,  rinse  the  solution  into  a  100-cc.  beaker  and 
precipitate  any  copper  present  by  the  addition  of  a  few  cubic 
centimeters  of  saturated  hydrogen  sulfide  water,  stirring  with 
a  glass  rod  until  the  copper  sulfide  precipitate  collects  together 
and  settles.  Then  filter  into  the  original  porcelain  dish,  add 
a  little  sulfuric  acid  to  the  filtrate  and  evaporate  to  dryness. 
Dissolve  the  residue  in  a  little  dilute  sulfuric  acid  and  transfer 
the  solution  to  a  platinum  dish  of  11  to  13  cm.  diarm •'• 
121).  The  quantity  of  sulfuric  acid  used  must  be  adjusted  so 
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that  in  the  following  evaporation  all  the  chloride*  present  will  be 
changed  to  sulfates  and  upon  -tioimer  ignition  -on  flu-  Imkener 
towen  a  >liuht  0X0601  uill  I"'  e\..lved  in  fumes.  After  thi-  treat- 
incut  is  accomplished,  allow  the  dish  to  cool.  It  is  now  ready 
for  the  fusion. 

Fusion    with    cailMic  SOda  Serves    to    free   tin-   inanna: 
Aether  with  any  nickel,  cobalt   and  iron),  from  phosphoric  arid. 
chromium,  vanadium  and  aluminium. 

According  to  the  amount  of  sulfates  present,  dissolve  from  2  to 
5  g.  of  pure  sodium  hydroxide  in  a  platinum  crucible  with  as 
little  water  as  possible,  and  add  the  solution  to  the  contents  of 
the  platinum  dish.  The  metal  salts  are  at  oner  decomposed  by 
the  alkali.  Take  hold  of  the  dish  in  some  such  way  as  shown  in 
Fig.  121,  and  carefully  evaporate  the  solution  to  dryness  by 
moving  the  dish  hack  and  forth  over  a  small  Hunsen  flame.  Too 
rapid  evaporation  will  cause  loss  by  spattering.  Continue  the 
heating  till  the  solid  melts  but  avoid  overheating.  When  a 
quiet  fusion  is  obtained,  allow  the  mass  to  cool  somewhat  and 
sprinkle  over  the  top  a  little  potassium  chlorate  or  sodium  per- 
oxide (a  quantity  such  as  can  be  held  on  the  point  of  a  penknife 
suffices).  Turn  up  the  Bunsen  flame  just  a  little  and  heat  the 
dish,  while  moving  it  about,  until  the  entire  contents  are  fused 
and  no  lumps  of  undecomposed  sodium  peroxide  are  visible. 

Heating  any  part  of  the  dish  more  strongly  than  is  necessary 
to  accomplish  fusion  must  be  avoided,  as  otherwise  the  platinum 
dish  will  be  attacked.     If  care  is  exercised,  however,  this  op« 
tion  can  be  carried  out  with  either  potassium  chlorate  or  sodium 
peroxide  without  the  platinum  dish  being  injured. 

After  cooling  the  fusion,  remove  the  holders,  cover  the  di<h 
with  a  watch-glass  and  dissolve  the  contents  by  adding  about 
60  cc.  of  hot  water;  any  excess  of  sodium  peroxide  i<  decomposed 
by  this  treatment  and  oxygen  is  evolved.  Treat  the  solution, 
which  is  usually  colored  green  by  manganate,  with  a  little  more 
sodium  peroxide;  this  decomposes  the  manganate,  forming  man- 
ganese dioxide  with  evolution  of  oxygen. 

To  destroy  the  excess  of  sodium  peroxide,  heat  the  covered  dish 
ami  its  contents  for  half  an  hour  on  the  Meam  bath.  Then  rin-e 
into  a  300  to  400  cc.  beaker,  dilute  with  water  to  about  'J(M)  re. 
and  allow  the  precipitate  to  settle.  Tsually  a  slight  yellowish- 
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brown  stain  remains  in  the  platinum  dish.  Dissolve  this  with 
a  little  dilute  sulfuric  acid  and  a  small  crystal  of  oxalic  acid 
but  do  not  add  this  solution  to  the  main  solution  at  present. 

In  the  analysis  of  most  iron  and  steel  samples,  the  solution 
above  the  manganese  dioxide  precipitate  (which  also  contains 
nickel,  cobalt  and  iron)  is  usually  colored  more  or  less  yellow  by 
a  little  chromium.  Allow  the  solution  to  cool,  and,  without 
stirring  up  the  precipitate,  decant  the  clear,  supernatant  liquid 
through  7  or  9  cm.  filter,  according  to  the  size  of  the  precipitate. 
Add  hot  water  to  the  precipitate,  allow  it  to  settle  and  again  de- 
cant. Repeat  this  operation  once  or  twice  more,  and  place  a 
fresh  beaker,  or  Erlenmeyer  flask,  under  the  funnel.  Then,  if 
subsequent  washings  run  through  the  filter  turbid,  it  will  not 
be  necessary  to  refilter  the  entire  solution.  Transfer  the 
precipitate  to  the  filter  and  wash  it  carefully.  When  the  alkali 
salts  are  all  removed  there  is  danger  of  some  of  the  precipitate 
becoming  colloidal  and  passing  through  the  filter.  This  may 
be  avoided,  if  toward  the  end  of  the  washing  a  dilute  solution 
of  ammonium  sulfate  is  used  instead  of  pure  water,  or  if  from 
time  to  time  a  small  crystal  of  ammonium  sulfate  is  placed 
in  the  filter  and  the  washing  done  with  pure  water. 

The  combined  filtrate  contains  all  the  chromium  and  alu- 
minium besides  the  phosphorus  and  vanadium.  It  can  be  used 
for  the  determination  of  these  elements. 

Upon  the  filter  are  the  hydrated  oxides  of  manganese,  nickel 
and  cobalt  together  with  a  little  iron  that  remained  in  the 
aqueous  solution  after  treatment  with  ether.  Dissolve  the 
precipitate  in  a  little  concentrated  hydrochloric  acid.  If  there 
is  much  precipitate,  wash  as  much  as  possible  into  a  small 
beaker,  place  the  beaker  under  the  funnel  and  dissolve  the  pre- 
cipitate by  pouring  strong  hydrochloric  acid  through  the  filter; 
if  there  is  only  a  little  precipitate,  place  the  beaker  at  once  under 
the  funnel  and  dissolve  all  the  precipitate  on  the  filter.  Wash 
the  filter  thoroughly  with  hot  dilute,  hydrochloric  acid.  Add 
to  the  solution  the  sulfuric  and  oxalic  acid  solution  that  was 
previously  obtained  by  dissolving  the  stain  on  the  platinum 
dish.  Evaporate  on  the  steam  hath  to  remove  free  chlorine  and 
until  the  volume  of  liquid  is  small;  the  color  <>f  the  solution  may 
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be  yellow  from  a   little  dis>ol\ ed   fniir   chloride,  or  mm 
less  yellowish  green  if  nickel  is  present. 

When  much  nickel  U  pn-mt.  the  treatment  of  the  solution, 
after  the  removal  of  tin-  greater  part  of  (he  iron  by  shaking  \\ith 
ether,  should  l>e  carried  out  a>  described  on  page  |!>7. 

To  remove,  now,  small  quantities  of  iron  that  escaped 
solution  in  ether  (when  the  operation  was  properly  carried  out. 
tin-  should  amount  to  only  a  few  milligrams)  nearly  neutrali/e 
the  free  acid  by  the  addition  of  ammonia  l>ut  do  not  continue 
adding  ammonia  until  a  permanent  precipitate  is  formed.  To 
the  barely  acid  solution,  add  1  or  2  cc.  of  20  per  cent,  am- 
monium acetate  solution  and  heat  just  to  boiling.  Filter  off  the 
reddish-brown  flocks  of  basic  ferric  acetate  through  a  small  filter 
and  wash  well  with  hot  water.  If  the  precipitate  is  at  all  bulky, 
di->olve  it  in  hydrochloric  acid  and  repeat  the  basic  acetate 
separation  exactly  as  before. 

Combine  the  filtrates  from  the  basic  acetate  precipitation, 
make  slightly  acid  with  acetic  acid  and  saturate  the  cold  solution 
with  hydrogen  sulfide  gas.  Without  interrupting  the  current  of 
hydrogen  sulfide,  slowly  heat  the  solution  to  boiling,  then  turn 
out  the  flame  and  allow  the  solution  to  cool  while  hydrogen 
sulfide  is  constantly  passing  through  it.  After  the  precipitated 
nickel  and  cobalt  sulfides  have  settled,  filter  and  wash  carefully 
with  water.  Concentrate  the  filtrate  in  a  porcelain  dish;  often 
during  this  evaporation  some  more  nickel  sulfide  precipitates 
out.  Transfer  the  solution  to  a  beaker  and  once  more  introduce 
hydrogen  sulfide.  After  filtering  off  any  nickel  sulfide  that  may 
have  formed,  evaporate  to  expel  hydrogen  sulfide. 

Transfer  the  solution  containing  the  manganese  to  a400-cc. 
leaker,  dilute  to  about  200  cc.  and  neutrali/e  with  ammonia. 
Add  a  little  bromine  water  and  a  slight  excess  of  ammonia.  II- 
the  liquid  and  stir  to  facilitate  the  formation  of  the  manga ne>e 
dioxide  precipitate.  By  adding  more  bromine  and  making 
slightly  ammoniacal  again,  make  sure  that  the  precipitation  of 
the  manganese  was  complete.  In  case  an  appreciable  quantity 
of  precipitate  was  formed  the  last  time,  repeat  the  operation. 

After  allowing  n»  -tand  a  short  time  on  the  water  bath,  filter 
the  liquid  through  an  ashless  paper  and  wash  the  precipitate  a 
few  times  with  hot  water.  Test  the  filtrate  for  manganese  by 
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treatment  with  bromine  and  ammonia  and,  in  case  no  pre- 
cipitate forms,  evaporate  the  liquid  to  dry  ness,  which  sometimes 
causes  the  deposition  of  small  quantities  of  manganese  dioxide.1 

It  is  a  quite  common  practice  among  chemists  to  ignite  and 
weigh  this  precipitate,  calling  it  Mn3O4.  According  to  the  quan- 
tity of  precipitate  and  the  ignition  temperature,  however,  the 
oxygen  content  varies  somewhat  so  that  it  is  better  to  convert 
it  into  either  pyrophosphate  or  sulfate.  In  either  of  the  latter 
forms,  the  composition  of  the  ignited  precipitate  is  constant 
and  the  results  obtained  are  exact. 

To  convert  the  manganese  dioxide  precipitate  into  pyro- 
phosphate, dissolve  it  in  hot,  dilute  hydrochloric  acid  to  which 
a  few  cubic  centimeters  of  sulfurous  acid  have  been  added. 
Pour  the  acid  through  the  filter  and  wash  the  latter  thoroughly 
with  hot  water.  Dilute  the  solution  to  100  cc.,  add  20  #.  of 
ammonium  chloride,  5  to  10  cc.  of  a  cold,  saturated  solution 
of  disodium  phosphate  and  ammonia,  drop  by  drop,  until  a 
slight  excess  is  present.  Heat  to  boiling  and  keep  at  this 
temperature  for  3  or  4  minutes,  or  until  the  precipitate  assumes 
a  silky  crystalline  appearance.  Allow  the  solution  to  cool. 

When  a  precipitate  can  be  dried  easily  and  completely  at  a 
temperature  not  far  from  the  boiling  point  of  water  it  used 

1  In  a  dilute  acid  solution  bromine  has  scarcely  any  oxidizing  effect  upon 
manganous  ions.  In  other  words  the  reaction : 

Mn4+  -I-  Br2  +  2H2O?=±MnO2  +  2Br~  +  4H+ 

reaches  an  equilibrium  before  little,  if  any,  of  the  manganese  is  precipitated. 
On  the  other  hand,  when  the  acid  is  neutralized  the  equilibrium  <>f  the  above 
reaction  is  disturbed  and  the  precipitation  of  the  manganese  as  dioxide  may 
be  made  quantitative.  Ammonia  is  used  in  the  above  test  as  a  neutralizing 
t.  Bromine,  however,  also  reacts  direct ly  with  ammonia  and  oxidizes  a 
put  of  its  nitrogen  to  free  nitrogen  in  the  sense  of  the  following equat ion : 

8NH,  +  3Br2  =  6NH<Br  +  N, 

Tin-  reaction  often  goes  a  little  farther  and  part  of  the  ammonium  salt  is 
oxidized,  leaving  the  solution  slightly  acid; 

2NH/  +  3Br,<=±  N,  +  6Br~  +  8H+ 

Although  this  last   reaction  takes  place  only  to  a  slight  extent,  it   is  clearthat. 
i    result    of  the  two   l:i>t    react  ions,    the    precipitation    of  t  he  manganese  IB 
made    more    difficult.      This    is  the  reason   for  the  repeated   treatment    with 
bromine  and  ammonia. 
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to  be  common  practice  to  filter  it  upon  aweiuh«-d  dared)  filter. 
Gooch,  however,  proposed  the  use  of  a  perforated  crucible  con- 
taining a  felt  of  asbestos  fibers  to  serve  as  filtering  medium. 
This  has  two  advantages:  first,  the  crucible  may  be  dried  at  a 
temperature  much  higher  than  could  be  used  with  a  paper  ill' 
second,  suction  can  he  used  during  filtration  and  considerable 
time  saved.  If  the  asbestos  felt  is  properly  prepare. I  and  the 
crucible  is  dried  originally  to  constant  weight  at  the  temperature 
to  which  the  precipitate  is  to  be  heated,  the  results  are  as  good 
as  those  obtained  by  any  other  method. 

To  prepare  the  asbestos  felt,  first  digest  the  asbestos  fibers, 
in  pieces  about  0.5  cm.  long,  for  about  an  hour  on  the  water  bath 
with  strong  hydrochloric  acid.  Collect  the  asbestos  upon  a 
filter  plate  and  wash  out  all  the  acid  with  water.  Shake  it  up 
in  a  bottle  with  water  so  that  a  thin  suspension  is  formed. 
Stretch  a  piece  of  "bill-tie"  rubber  tubing  over  a  funnel,  Fig. 
122,  and  place  the  crucible,  T,  in  the  opening.1  The  funnel 
should  be  large  enough  so  that  the  crucible  is  suspended  by  the 
rubber  without  touching  the  sides  of  the  funnel.  Pour  enough 
of  the  asbestos  suspension  into  the  crucible,  applying  gentle 
suction,  to  produce  a  layer  1  or  2  mm.  thick.  Place  a  small 
filter  plate  upon  this  layer  and  pour  a  little  more  asbestos  into 
the  crucible.  Pour  water  through  the  crucible  until  no  more 
asbestos  fibers  are  washed  away.  To  see  the  fibers  pour  the 
liquid  into  a  small  beaker  and  hold  it  up  to  the  light. 

Instead  of  using  an  asbestos  felt,  Munroe,2  Neubauer  and  others 
have  recommended  the  use  of  platinum  sponge.  To  prepare 
such  a  felt,  place  the  perforated  crucible  upon  several  layers  of 
filter  paper  and  pour  into  it  a  mixture  of  ammonium  chloro- 
platinate  crystals  ground  up  with  a  little  alcohol.  Heat  the 

1  Instead  of  using  the  lint  rubber  band  to  support  the  crucible,  L.  H.  Bailey 
has  devised  a  Gooch  crucible  holder  which  is  shown  in  Fig.  12 Ja.  It  is 
made  of  rubber  and  fits  an  ordinary  2-in.  glass  funnel.  The  funnel  is  inserted 
in  a  perforated  rubber  stopper  which  in  turn  fits  the  suet  inn  flask.  The  upper 
edge  of  the  holder  projects  over  the  upper  edge  of  the  funnel  and  the  lo\\«  r 
edge  of  the  holder  rests  on  the  side  of  the  funnel.  When  suction  is  applied 
the  holder  fits  tightly  to  the  tunnel. 

2C.  E.  Munroe,  J.  anal.  Chem.,  2,  241;  Chem.  News,  68,  101;  \V.  <>. 
Snelling.  .1.  Am.  Chem.  Soc.,  31,  456 and  O.  D.Suett.  //,/,/.  31,  'XN.  The  last 
reference  gives  a  table  of  suitable  solvents  for  removing  ignited  precipitates. 
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crucible  carefully  and  shape  the  felt  to  the  bottom  of  the  cru- 
cible, finally  burnishing  it  slightly  with  the  aid  of  a  glass  rod  of 
suitable  shape. 

The  manganese  ammonium  phosphate  precipitate  may  be 
filtered  off  through  a  washed  filter,  ignited  very  carefully  in  a 
platinum  crucible  and  weighed  as  manganese  pyrophosphate. 
It  is  fully  as  satisfactory,  however,  to  use  either  the  Gooch  or 
Munroe  crucible.  First,  dry  the  crucible  half  an  hour  at  about 
130°  and  then  ignite  it  in  an  electric  furnace,  or  within  a  larger 


FIG.  122. 


FIG.  122«. — Sectional  view  of 
Bailey's  Gooch  crucible  holder 
with  funnel  and  crucible. 


crucible  heated  by  a  gas  flame.  In  this  way  there  is  no  dan.m T 
<es  from  the  flame  coming  in  contact  with  the  asbestos  or 
platinum  felt.  After  igniting  at  a  high  temperature  for  about  10 
min.,  allow  the  crucible  to  cool  in  the  air  somewhat1  and  then  let 
it  remain  half  an  hour  in  a  desiccator  before  weighing. 

1  If  the  very  hot  crucible  is  planed  immediately  in  a  desiccator  with  a 
tightly  fitting  cover,  the  expansion  of  the  air  causes  the  top  of  the  desiccator 
to  jump  up  and  down  several  times  and  then,  on  cooling,  a  partial  vacuum 
is  produced  in  the  desiccator.  As  a  re.sult  the  crucible  cools  very  slowly. 
If  weighed  while  still  warm,  it  will  weigh  too  little,  owing  to  air  currents 
ri-iii'4  from  the  balance  pan.  Much  time  is  saved,  therefore,  by  allowing 
the  crucible  to  cool  somewhat  before  placing  it  in  the  desiccator. 
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l-'iher  olY  tin-  manganese  ammonium  phosphate  using  either 
the  weighed  Munroc  or  Gooch  rnirihle.  and  wash  the  precipitate 
thoroughly  with  a  cold,  10  per  cent.,  solution  of  ammonium 
nitrate.  Dry  the  crucible  and  its  contents  for  at  least  half  an 
hour  at  about  130°  and  thru  gradually  raise  the  temperature 
until  finally  a  high  hrat  is  obtained.  During  this  last  Seating 
the  manganese  ammonium  phosphate  is  changed  to  manganese 
pyrophosphate: 

2MnNH4P04  =  Mn2P2O7  +  2NH3  +  H,O 

It  is  very  important  not  to  ignite  the  precipitate  too  quickly, 
as  in  that  case  the  ammonia  acts  upon  the  phosphate,  reducing 
it  and  turning  it  very  black;  it  is  a  very  tedious  operation  to 
whiten  such  a  precipitate  by  ignition. 

To  convert  the  manganese  dioxide  precipitate  into  sulfate, 
ignite  it  with  the  filter  in  a  weighed  porcelain  crucible,  cover  the 

crucible  with  a  watch-glass,  and  dissolve  the     

precipitate  in  hydrochloric  acid  (sp.  gr.  1.12). 
Heat  carefully  until  the  chlorine  is  expelled 
and  add,  for  each  0.1  g.  of  precipitate,  about 
0.5  cc.  of  dilute  sulfuric  acid  (1  :5).  To  re- 
move the  excess  of  the  latter,  heat  the  crucible  p,<;  123. 
and  its  contents  in  an  air  bath,  which  may  be 
prepared  according  to  the  suggestion  of  Gooch  and  Austin,1  with 
the  aid  of  a  larger  porcelain  crucible.2  The  outer  crucible  (Fig. 
123),  is  chosen  of  such  a  size  that  when  the  smaller  crucible  is 
placqd  within  it,  and  suspended  by  a  piece  of  asbestos  cord 
wrapped  around  it,  or  by  means  of  a  small  triangle,  the  distance 
between  the  walls  of  the  two  crucibles  is  about  1  cm.  on  all 
rides, 

Heat  the  outer  crucible  for  a  short  time  with  a  good  Bunsen 
flame,  cool  and  weigh.  Continue  the  heat  inn;  until  a  constant 
weight  is  obtained.  The  manganese  sulfate  should  be  pale  pink, 
not  brown  at  the  bottom,  and  should  be  perfectly  soluble  in 
water. 

1  Z.  anorg.  Cheni.,  17,  264  (1898). 

2  If  an  elect rir:illy-h<':itnl  drying  oven  is  available .  hc:it  tin-  rninhlc  in  it 
to  constant  weight  at  450°-500°. 
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Computation.  —  If  pi  is  the  weight  of  manganese  pyrophosphate 
and  s  the  weight  of  substance  taken,  then 

2Mn  X  pi  X  100       38.70pi 
Mn2P207X*  —     =  P^  cent.  Mn 

If  p2  is  the  weight  of  the  manganese  sulfate  and  s  the  weight  of 
substance  taken  then 

Mn  X  p2  X  100     36.38p2 

~-  =  per  Cent  Mn 


The  method  can  be  modified  to  advantage  in  the  analysis  of 
special  materials: 

(a)  Alloys  Rich  in  Manganese.  —  (Ferro-manganese,  metallic 
manganese,  etc.,  which  contain  only  little  iron).  Dissolve  from 
2  to  4  g.  of  the  metal1  in  nitric  acid,  decompose  the  nitrates  and 
remove  the  silica2  as  described  above.  Carefully  add  am- 
monia to  the  nitrate  from  the  silica  until  the  solution  is  neu- 
tral, add  ammonium  acetate,  and  carry  out  a  basic  acetate 
separation  (cf.  p.  191).  If  there  is  a  considerable  precipitate 
of  basic  ferric  acetate,  redissolve  it  and  repeat  the  precip- 
itation. Make  the  entire  filtrate  slightly  acid  with  acetic  acid 
and  precipitate  the  copper,  nickel  and  cobalt  with  hydrogen 
sulfide.  Transfer  the  filtrate  to  a  calibrated  250  cc.  flask,  when 
it  is  at  the  laboratory  temperature,  make  up  to  the  mark  and 
thoroughly  mix  by  pouring  back  and  forth  several  times  into 
a  dry  beaker.  By  means  of  a  50  cc.  pipette,  take  an  aliquot 
part  for  the  manganese  determination.3 

1  As  regards  the  necessity  for  getting  a  representative  sample,  see  page  41 
of  this  hook. 

2  In  the  dehydration  of  the  silicic  acid,  the  dish  should  not  be  overheated  or 
thcr<'  is  (lunger  of  losing  some  manganous  chloride  by  volatilization. 

8  To  avoid  error  in  taking  the  aliquot  part,  it  is  necessary  to  make  sure  that 
the  pipette  and  calibrated  flask  are  properly  calibrated.  This  is  particularly 
necessary  because  several  temperatures  have  been  suggested  as  standards  for 
calibration  purposes  and,  moreover,  both  flasks  and  pipettes  are  calibrated  in 
two  ways  —  for  contents  and  for  delivery.  In  this  case,  the  flask  should  be 
calibrated  for  contents  and  the  pipette  for  delivery.  A  simple  way  to  test 
the  flask  is  to  take  some  water  that  is  at  the  room  temperature  and  add  the 
contents  ..f  the  ."><)  00.  pipette  5  times  to  the  dry  flask.  In  using  the  pip. 
allow  the  pipette  to  flow  freely  and  when  the  liquid  st-»ps  flowinir.  touch  the 
sides  of  the  flask,  or  the  surface  of  the  liquid,  with  the  point  of  the  pipette  to 
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The  determination  of  th«-  manganese  can  now  be  carried  out 
in  the  same  way  as  In-fore.  In  some  cases,  liou  •  ,<-ium  is 

likely  to  I.e  present  and  then  t  lie  mang:uie-e  .  In  »\ide  preripit  at  «• 
will  eontain  some  of  (his  element.1  It  is  better,  then,  to  pre- 
cipitate the  inaganese  as  -ulfide  l.y  passing  hydrogen  sulli<le  into 
the  slightly  ammoniacal  solution.  The  manganese  Bulfide  IB 
easily  converted  into  sulfate  (cf.  p.  195). 

(6)  Alloys  Rich  in  Nickel. — (Nickel  steel  with  high  nickel 
content,  chrome-nickel  steel,  etc.).  To  avoid  the  difficulties  in- 
volved in  precipitating  considerable  nickel  in  the  ;  >  of 
manganese,  due  to  the  fact  that  the  solubility  products  of  nickel 
and  manganese,  sulfides  lie  comparatively  near  together,  it  is 
better  to  remove  most  of  the  nickel,  after  shaking  out  the  feme 
chloride  with  ether,  in  the  following  manner:  Evaporate  the 
hydrochloric  acid  solution  to  dryness,  taking  care  not  to  set  fire 
to  the  ether  it  contains,  take  up  the  residue  in  hydrochloric 
acid  and  neutralize  the  excess  of  acid  with  ammonia.  Add 
bromine,  make  slightly  ammoniacal  again  and  heat.  By  this 
treatment,  the  greater  part  of  the  nickel  remains  in  solution 
forming  a  blue  liquid,  and  the  manganese  together  with  the 
remainder  of  the  iron  and  some  nickel  is  contained  in  the  i 
cipitate.  Filter  off  the  brown  precipitate  and  again  test  the 

remove  another  drop,  and  then  take  away  the  pipette  (do  not  blow 
through  it).  Place  a  mark  on  the  neck  of  the  flask  where  the  bottom  of  the 
meniscus  comes.  It  is  best  to  dry  tho  flask  again  and  repeat  the  operation. 
It  makes  no  difference  now,  whether  the  250  cc.  flask  or  the  pipette  has  been 
correctly  calibrated  because  it  is  known  that  the  pipette  will  deliver  exactly 
one-fifth  of  the  solution  in  the  flask.  It  is  important,  however,  to  make  sure 
that  the  solution  has  the  same  temperature  when  made  up  to  the  mark  that 
it  has  when  the  aliquot  part  is  taken.  If  the  solution  is  warm  when  made  up 
to  the  murk  and  c.>ols  during  the  pouring  back  and  forth  into  the  beaker,  then 
the  results  will  conic  out  too  high  and  conversely. 

If  there  is  a  balance  in  the  laboratory  capable  of  weighing  1  kg. 
and  sensitive  to  a  centigram,  it  is  more  accurate  to  use  it  for  dividing  the 
solution.  Weigh  the  perfectly  dry  flask,  together  with  its  ground  glass 
stopper,  and  then  weigh  it  again  with  the  solution  in  it,  without  taking 
special  pains  to  bring  it  exactly  to  any  specified  volume.  Thoroughly  mix 
the  solution  and  pour  a  part  of  it  into  another  weighed  flask.  Stopper 
thi>  ihsk  and  again  weigh  it.  From  the  ratio  between  the  two  weights  of 
the  solution  the  corresponding  fraction  of  the  weight  of  sample  taken  for 
analysis  can  he  computed. 

»r/.  lleis,  Z.  angew.  Chem..  1892,  672. 
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filtrate  for  manganese  by  treatment  with  bromine  and  ammonia. 
Dissolve  the  precipitated  oxides  on  the  filter  by  treating  with 
hydrochloric  acid1  (sp.  gr.  1.12),  add  a  little  sulfuric  acid,  and 
evaporate  the  solution  on  the  Finkener  tower  until  funn-  ol 
sulfuric  acid  are  evolved.  Fuse  the  residue  with  sodium  hydrox- 
ide and  either  sodium  peroxide  or  potassium  chlorate  and  thus 
remove  the  remainder  of  the  iron  and  nickel  by  the  method 
described  on  p.  189.  Eventually  determine  the  manganese  as 
sulfate  or  pyrophosphate.2 

(c)  Materials  Insoluble  in  Acid. — (Ferro-chrome,  ferro-t  ungsten, 
silieo-manganese,  etc.). 

Such  materials  can  be  attacked  by  the  method  described  on 
p.  178  for  the  determination  of  silicon.  It  is  usually  ad- 
vantageous to  use  the  sodium  carbonate  and  magnesia  mixture 
in  the  proportions  suggested  by  Rot  he. 

Weigh  out  from  0.5  to  2  g.  of  substance,  according  to  the 
probable  manganese  content,  ignite  it  with  sodium  carbonate 
and  magnesia,  transfer  the  ignited  mass  to  an  agate  mortar, 
moisten  it  with  water  and  rub  it  up  with  the  pestle  to  as  thin  a 
paste  as  possible.  Rinse  into  a  beaker,  dilute  with  hot  water 
to  a  volume  of  about  200  cc.  and  reduce  the  inanimate  by  adding 
a  little  sodium  peroxide.  After  destroying  the  excess  of  peroxide 
by  boiling  the  liquid,  allow  the  precipitate  to  settle,  decant  off 
the  supernatant  liquid  through  a  filter  and  wash  several  times 
by  decantation,  taking  pains  to  keep  the  precipitate  off  the 
filter  as  far  as  possible. 

Finally,  dissolve  the  washed  precipitate  in  the  beaker  by  the 
addition  of  hydrochloric  acid  (sp.  gr.  1.12),  add  to  the  solution  the 
filter  with  the  small  deposit  of  manganese  dioxide  upon  it,  and 
heat  to  expel  chlorine.  Filter  off  the  filter  paper  shreds  and  any 
unattacked  material  and  wash  the  filter  with  water  containing 
hydrochloric  acid.  If  some  unattacked  material  is  found  (this 
usually  collects  in  the  bottom  of  the  beaker  in  the  form  of  small 
black  particles,  having  a  gritty  feeling  when  pressed  upon  with 

1  If  the  precipitate  remains  on  the  filter  very  long,  it  may  he  necess 
add  a  little  sulfurous  acid  to  the  hydrochloric  :irid. 

2  If  phosphorus  and  manganese  are  not  promt  to  an  appreciable  . 

the  fusion  with  sodium  hydroxide  ami  peroxide  may  In-  omitted.  The  iron 
and  nickel  are  then  removed  in  (lie  u^ual  way. 
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,i  glass  stirring  '<>d)  nllm  tM<>  filter  '"  :i  platinum  dish  and  fuse 
I  he  ash  with  xidium  r:u  bonat  e.  Take  up  the  product  of  the 
fusion  with  water  and  add  sodium  peroxide  to  reduce  tin-  manga- 
natr,  if  any  is  shown  to  be  present  by  the  green  color  of  t  he  a<|iie- 
ous  extract.  Kilter  otT  the  precipitate  of  manganese  and  f« 
oxides,  etc.,  add  the  filtrate  to  that  obtained  from  the  fusion  with 
sodium  carbonate  and  magnesia,  and  add  the  hydrochloric  acid 
solution  of  the  precipitate  to  t  he  main  hydrochloric  acid  solution. 

The  alkaline  solution  thus  obtained  may  be  used  for  the 
determination  of  phosphorus  or  chromium. 

Kvaporate  the  hydrochloric  arid  solution  of  the  precipitate 
containing  the  manganese  to  dryness  in  a  porcelain  dish  and 
heat  for  some  time  to  135°  over  an  asl>estos  plate.  After  cool- 
ing, take  up  in  hydrochloric  acid  and  remove  the  silica  as  de- 
scribed on  p.  170. 

Dilute  the  filtrate  from  the  silica  to  about  2.~>()  <•<-.,  neutralize 
the  free  acid  by  the  addition  of  ammonia,  add  ammonium  acetate 
and  precipitate  the  iron  as  basic  ferric  acetate,  a<  d< -•  -ribed  on 
p.  191.  Usually  it  is  advisable  to  carry  out  a  second  basic 
acetate  separation. 

Make  the  filtrate  distinctly  acid  with  acetic  acid  and  intro- 
duce hydrogen  sulfide  to  precipitate  any  nickel  present.  JKilter 
off  the  nickel  sulfide,  catching  the  filtrate  in  a  300  cc.  beaker. 
and  precipitate  the  manganese  by  the  addition  of  bromine  and 
ammonia  (cf.  p.  191).  The  precipitation  may  be  hastened  by 
vigorous  stirring. 

Filter  off  the  precipitate,  wash  it  well  with  water,  and  pre- 
serve the  filtrate  in  order  to  test  it  for  manganese.  Transfer, 
by  means  of  a  stream  from  the  wash  bottle,  as  much  as  possible 
of  the  precipitate  to  a  beaker,  place  the  beaker  under  the  funnel 
and  pour  hydrochloric  acid  (sp.  gr.  1.12)  through  the  filter. 
Wash  the  filter  thoroughly  and  heat  the  acid  to  dissolve  the 
manganese  dioxide.  Concentrate  the  solution  until  the  volume 
is  very  small  and  precipitate  the  manganese  as  sulfide,  using 
freshly  prepared  ammonium  sulfide1  as  reagent. 

To  carry  out  the  precipitation,  take  50  to  100  cc.  of  ammonium 

1  To  prepare  ammonium  sulfide  free  from  polysulfide,  saturate  ammonia 
water  (sp.  gr.  O.Oii)  with  hydrogen  sulfide  and  then  add  an  c<|iial  volume 
of  ammonia  water. 
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sulfide  solution  (according  to  the  quantity  of  manganese  present) , 
and  heat  it  just  to  boiling  in  a  300-400  cc.  beaker.  Heat  the 
manganese  solution,  which  must  be  as  nearly  neutral  as  possible, 
and  pour  it  into  the  hot  ammonium  sulfide  solution.  Rinse  out 
the  beaker  that  contained  the  manganese  solution  and  heat 
the  liquid  a  short  time  in  order  to  obtain  a  precipitate  of  given 
manganese  sulfide  that  will  filter  well. 

After  allowing  all  the  precipitate  to  settle,  pour  the  liquid 
through  a  filter  that  runs  well1  and  wash  the  precipitate  with 
hot  water  containing  a  little  ammonium  sulfide.  Evaporate  the 
filtrate  and  washings  and  recover  any  manganese  that  it  may 
contain  by  treatment  with  bromine  and  ammonia.  This  treat- 
ment  with  bromine  and  ammonia  should  be  repeated  to  be  sure 
that  all  manganese  has  been  precipitated. 

Ignite  the  manganese  sulfide  precipitate  in  a  weighed  porcelain 
crucible,  dissolve  the  resulting  nianganomanganic  oxide  in 
hydrochloric  acid  (sp.  gr.  1.12)  and  convert  it  into  the  anhydrous 
sulfate  as  described  on  p.  195.  The  small  quantity  of  man- 
ganese dioxide  recovered  from  the  filtrates  may  be  ignited  sepa- 
rately and  weighed  as  Mn3O4. 

(d)  Shortening  the  Time  Required. — The  time  required  for 
the  analysis  may  be  shortened  considerably  up  to  the  point  of 
the  ether  separation,  by  using  a  round-bottomed  flask  instead  of 
porcelain  casserole  for  dissolving  the  sample.  For  samples 
weighing  from  5  to  10  g.,  a  flask  of  about  500  cc.  capacity  is 
suitable,  or  a  300  cc.  flask  for  a  3  g.  sample. 

\\Vigh  the  sample  directly  into  the  flask,  dissolve  it  by  the 
gradual  addition  of  the  necessary  quantity  of  nitric  acid  (sp.  gr. 
1.18)  heat  over  a  small  flame  until  solution  is  complete,  and 
evaporate  over  a  free  flame  while  keeping  the  flask  in  constant 
motion.  Hold  the  flask  by  a  clamp  attached  to  the  neck. 

1  If  the  precipitate  at  first  runs  through  the  filter,  continue  to  filter 
(provided  the  liquid  does  not  run  too  slowly  through  the  filteri,  and  event- 
ually transfer  all  the  precipitate  to  the  paper.  As  soon  as  the  filtrate 
to  run  through  clear,  change  the  vessel  under  the  funnel  and  pour 
the  turlml  filtrate  through  the  filter  again.  In  filtering  keep  the  filter  nearly 
filled  all  the  time  and  do  not  wait  for  all  the  liquid  to  run  through  during 
the  washing.  Otherwise,  tin-  manganese  sulfide  oxidizes  on  the  filter,  dis- 
solves in  the  wash  water,  and  a  precipitate  of  mannane^e  sulfide  is  formed 
again  in  the  filtrate  which  contains  ammonium  sulfide. 
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Wh(Ml  the  solution  ha-  been  eVapolaUKi  tO  (lryiU>8R,  heat 
carefully  tO  decompose  the  nitrates,  allou  to  conl.  dissolve  tin- 
oxides  in  the  neceBSSUy  quantity  of  concentrated  hydrochlone 
acid  -|».  gr.  l.'J)  aiiain  evaporate  to  dryness  and  continue  the 
heating  until  tin-  color  of  tin-  residue  i>  dark  brown  hut  not 
necessarily  until  it  beCODMfl  red.  ('ool.  dissolve  in  concent  rated 
hydrochloric  acid  and  hrat  until  there  i-  no  feme  oodde  \i-ihle 
in  the  hottoin  of  the  tla-k.  Dilute  and  filter  oil  the  -ii: 
Transfer  the  solution  to  the  Mask  again  and  evaporate  until  it 
is  ready  for  treatment  with  ether. 

This  method  of  working  is  not  suitable  when  it  is  desired  to 
determine  the  silicon  because  it  is  difficult  to  remove  the  last 
traces  of  silica  from  the  flask. 

Test  Analyses. — To  test  the  method  described  for  the  separa- 
tion of  manganese  from  iron,  25  CC.  of  a  manganous  chloride 
solution,  containing  0.0.'J">4  g.  of  manganese,  were  mixed  with 
pure  ferric  chloride  solution,  corresponding  to  about  3.5  g.  of 
iron,  and  the  manganese  determined.  The  average  of  three 
closely-agreeing  analyses  gave  0.0364  g.  of  manganese  when 
weighed  as  Mn3O4  and  0.0354  g.  of  manganese  when  weighed 
as  MnS04. 

ACCURACY  OF  THE  RESULTS  AND  PERMISSIBLE  DEVIATION 

Besides  errors  in  weighing,  certain  other  unavoidable  errors 
arise  which  in  careful  work  should  not  be  large.  In  general,  if 
the  manganese  is  weighed  as  sulfate  or  as  pyrophosphate,  the 
weight  of  the  final  precipitate  should  be  accurate  within  I  mg. 
when  the  precipitate  weighs  50  mg.  or  less  and  within  2  mg.  with 
larger  quantities.  According  to  the  amount  of  material  taken 
for  analysis  (e.g.,  5  g.  when  less  than  2  per  cent,  of  manganese 
is  present  and  1  g.  otherwise)  this  will  correspond  to  the  follow- 
ing permissible  deviations  in  duplicate  results: 

From  To  Deviation 

0.0  per  cent.          0.2  per  rent ±  0.01  per  cent. 

0.2percent.  1   0  percent  ±  0.02  per  cent. 

1.0  per  cent.          5.0  per  cent ±  0. (M  per  cent. 

5.0  per  cent.  10.0  per  cent.  ...  ±  0.0t>  per  cent . 

10.0  per  rent.  30.0  per  rent .  |  0  Os  per  rent . 

:*0.0  per  cent,  upward.  ...  ±  0. 10  per  cent . 
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Applicability  of  the  Method. — Satisfactory  results  are  obtained 
in  the  analysis  of  iron,  steel,  and  other  alloys  pertaining  to  the 
steel  industry. 

2.   VOLUMETRIC  DETERMINATION  OF  MANGANESE 

A  number  of  excellent  volumetric  methods  have  been  pro- 
posed for  the  determination  of  manganese  in  iron  and  steel. 
These  methods  are  of  three  types:  (1)  the  direct  titration  of  a 
in:mgN,nous  salt  with  potassium  permanganate;  (2)  the  precipita- 
tion of  the  manganese  as  dioxide,  solution  of  the  precipitate  in 
a  known  amount  of  ferrous  salt,  and  titration  of  the  excess  of 
the  latter  with  a  suitable  oxidizing  agent;  (3)  oxidation  of  the 
manganese  to  permanganate,  addition  of  a  known  amount  of 
reducing  agent,  and  titration  of  the  excess  of  the  latter.  Potas- 
sium permanganate  is  commonly  used  for  the  final  titration  in 
all  these  methods  but  the  value  of  1  cc.  of  the  solution  in  terms 
of  manganese  is  different  in  each  case. 

The  first  type  of  method  has  always  been  a  favorite  one  in 
Germany  and  there  are  over  fifty  publications  concerning  it  in 
scientific  journals  since  1879.  It  is  the  only  volumetric  method 
mentioned  in  the  German  edition  of  this  book  but  it  has  seemed 
best  to  mention,  in  the  English  text,  at  least  one  representative 
method  of  each  of  the  other  types. 

(a)     MODIFIED  VOLHARD  METHOD 

Principle. — Manganous  salts  react  with  permanganate  in 
accordance  with  the  following  equation: 

2MnO4~  +  3Mn++  +  2H20  =  5MnO2  +  4H+ 

Gorgeu1  first  attempted  to  use  this  reaction  as  a  basis  for  the 
volumetric  determination  of  manganese  but  Volhard  is  gener- 
ally considered  to  be  the  father  of  the  method  in  its  present 
form.2 

The  conditions  necessary  to  carry  out  the  reaction  strictly 
in  accoi«l  UK  <•  to  the  above  equation,  in  the  analysis  of  a  solution 

*  Ann.  chim.  phv<..  Ill,  66,  l.'.i  (1862). 
CI..-MI.  Ztg.,  34,  j:;7  (1910). 
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of  manganoiis  s-ilt  containing  a  large  quantity  of  I'.-rric  .-Monde. 
are  obtained  most  readily  by  precipitat ing  the  iron  from  a  hot, 
dilute  solution  with  a  slight  excess  of  zinc  oxide,  adding  quickly 
an  excess  of  potassium  permanganate,  an<l  titrating  t  he  exCCSS 
of  the  lattei-  in  a  suitable  manner. 

If  the  conditions  are  not  quite  right  it  is  possible  that  tin- 
reaction  between  the  inangaiious  salt  and  the  permangai. 
may  take  place  different  ly.  Thus,  for  example,  in  Wolff's1 
method  where  the  permanganate  is  added  gradually  after  the 
iron  has  l»een  precipitated  l.y  the  xinc  oxide,  less  permanganate 
is  required  to  precipitate  all  the  inanganous  salt,  and,  within 
certain  limits,  the  volume  of  permanganate  required  is  smaller 
in  proportion  as  the  amount  of  zinc  oxide  added  is  large.  In 
some  cases  the  error  may  amount  to  10  per  cent,  of  the  total 
manganese  content. 

If  the  zinc  oxide  excess  is  equal  to  zero,  so  that  only  ferric 
hydroxide  is  present  (a  condition  difficult  to  fulfil)  then  the  per- 
manganate consumption  by  the  Wolff  method  corresponds  to 
that  required  by  the  equation. 

The  reason  for  low  results  when  an  excess  of  zinc  oxide  is  used 
is  chiefly  due  to  the  fact  that  some  of  the  manganese  is  precipi- 
tated with  the  ferric  hydroxide. 

When  the  titration  of  the  inanganous  salt  by  permanganate 
is  carried  out  in  a  slightly  add  solution,  as  recommended  by 
Volhard,  the  results  are  lower  than  the  equation  demands. 
In  this  case  the  error  is  due  chiefly  to  the  fact  that  the  man- 
ganese dioxide  precipitate,  as  it  forms  slowly,  carries  with  it  some 
adsorbed  manganous  oxide  and  t  hereby  escapes  reaction  with  the 
permanganate. 

In  the  modification  suggested  by  Schoffel  and  Donnath,  the 
manganous  chloride  solution  containing  suspended  ferric  hy- 
droxide, formed  by  the  addition  of  an  excess  of  zinc  oxide,  is 
added  to  an  excess  of  permanganate  solution;  correct  results  may 
be  obtained  if  the  two  solutions  are  mixed  quickly  enough.  The 
condition  of  having  permanganate  always  present  in  excess  is 
not  alone  sufficient  to  prevent  disturbances  such  as  are  likely  to 
result  in  the  method  of  Volhard  and  Wolff. 

In  using  the  WollT  method  it  is  often  proposed  to  avoid  error 

1  Stahl  u.  Eisen,  1884,  70J;  1891,  377. 
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by  using  an  empirical  factor  for  the  permanganate  solution 
instead  of  the  theoretical  value  as  established  by  equations. 
Since,  however,  the  factor  varies  with  the  amount  of  zinc  oxide 
added  to  precipitate  the  iron,  it  is  evident  that  this  method  is 
not  altogether  satisfactory. 

Probably  the  most  successful  expedient,  and  one  that  gives 
good  results  in  the  hands  of  a  skilful  worker,  is  to  standardize 
the  permanganate  solution  against  a  manganous  solution  of 
known  content  in  exactly  the  same  way  in  which  the  analysis  is 
to  be  carried  out. 

Requisite    Apparatus   and    Solutions. — In    carrying   out   the 

titrations,  it  is  convenient  to  have  at 
hand  a  wooden  frame,  Fig.  124,  fitted 
to   hold   in   an  inclined  position  two 
flasks    of    1.1   to    1.5  liters  capacity. 
The  hollows  in  which  the  bottoms  of 
the  flasks  rest  are  covered  with  felt  to 
prevent  breakage.     In  carrying  out  a 
titration,  the  frame  is  placed  upon  the 
working  bench  so  that  the  middle  of 
the  flask  is  at  about  on  a  level  with 
the  eye,  in  such  a  way  that  there  is  a 
background  of  a  window  on  which  the  sun  is  not  shining. 
For  the  titration,  the  following  solutions  are  used: 
1.  Potassium  Permanganate  Solutions. — It  is  well  to  have  two 
solutions  of  permanganate  on  hand,  a  weaker  solution  containing 
about  16  g.  of  potassium  permanganate  in  5  liters  of  water  and 
a  stronger  one  containing  about  40  g.  of  the  permanganate  in 
the  same  volume  of  solution. 

The  solutions  are  prepared  by  dissolving  weighed  portions  of 
pure  potassium  permanganate  in  a  beaker  using  distilled  water 
that  has  been  recently  boiled  and  allowed  to  cool.1  The  solu- 
tion is  decanted  off  from  time  to  time  into  a  clean  5-liter  flask 
and  eventually  diluted  up  to  the  mark.  Before  using  them  for 
tit  rat  ions,  the  permanganate  solutions  should  stand  in  stoppered 
bottles  for  from  right  to  fourteen  days,  protected  from  liijht  and 

1  The  addition  of  10  g.  caustic  potash  JXT  liter  n -tun Is  tin*  decomposition 

•  •I"  |MTiii:iiiu:iii:ilr  l»y  dust,  reducing  gases,  or  pn-«-ipii:itr«l  111:111^:111. •-«•  dmxidr. 

\V.  ilium,  .1.  AM..  Chem.  Boe.,  34,  L37D. 
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dust.  At  the  end  of  this  time  any  oxidi/able  matter  in  the  solu- 
tion will  have  reacted  with  the  permanganate  and  any  man- 
gane<e  «li(,\ide  present  as  colloid  in  the  f  re-l.|y  prepared  solutions 
will  have  deposited  on  the  bottom  or  -ides  of  the  bottle  in  the 
form  of  a  brown  precipitate.  The  solutions  shouh I  then  be  fil- 
tered through  asbestos.  If  protected  from  light  and  dust  (filter- 
ing the  air  entering  the  bottle  through  alkaline  permanganate) 
the  filtered  solution  will  keep  indefinitely.1 

2.  Sodium  Arsenite  Solutions. — The  strength  of  two  arsenite 
solutions  are  choM-n  preferably  so  that  1  re.  of  permangaii 
equivalent  to  about  2  cc.  of  arsenite.  To  prepare  the  weak  and 
strong  solutions,  weigh  portions  of  8  and  20  g.  of  pure  ai>enie 
trioxide  into  beakers  containing  half  as  much  pure  sodium 
hydroxide.  Dissolve  in  a  little  water,  with  heating,  filter  if 
necessary,  and  dilute  each  solution  to  a  volume  of  5  liters. 

STANDARDIZATION  OF  THE  PERMANGANATE  SOLUTIONS 

(a)  Against  Sodium  Oxolate.—T\\o  standardization  of  potas- 
sium permanganate  solutions  by  means  of  pure  sodium  oxalate, 
Na2C2O4,  has  been  shown  to  give  reliable  results  by  a  number 
of  chemists  and  is  recommended  by  the  United  States  Bureau  of 
Standards.  According  to  the  strength  of  the  permanganate, 
weigh  out  about  0.3  or  0.8  g.  of  the  pure,  anhydrous  salt  and 
dissolve  it  in  500  cc.  of  boiling  water.  Add  50  cc.  of  dilute  sul- 
furic  acid  (1:5)  and  titrate  while  the  solution  is  hot. 

It  is  important,  in  this  titration,  that  the  initial  temperature 
of  the  solution  should  be  between  80°  and  90°  and  the  final  tem- 
perature above  60°.  The  titration  must  take  place  slowly, 
especially  at  the  start  and  finish.  Otherwise  too  much  per- 
manganate is  required. 

The  reaction  that  takes  place  in  the  titration  may  be  expressed 
as  follows: 

2MnO4-  +  5O,Or-  +  16H+  =  2Mn  +++  10CO2  +  8H,O 
Thus,  2  molecules  of  permanganate  will  oxidize   ">  molecules 

1  rf.  Morse,  Hopkins  and  Walker,  Am.  Chrm.  J.,  18,  401;  Gardner  ami 
North,  .!.  S«.c.  Chnn.  Jml.f  23,  fitW;  Warynski  ami  Tsrlirisrhwili,  J.  chiin. 
phys.,  6,  567;  Tread  well-Hall,  Quantitative  Analysis,  II,  603  (1914). 
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of  oxalate  and  we  have  seen  that  2  molecules  of  permanga- 
nate oxidize  3  molecules  of  manganous  salt  to  manganese  dioxide. 
Five  moles  of  sodium  oxalate  (670.0  g.)  are  equivalent,  there- 
fore, to  3  moles  of  manganous  salt  (164.79  g.  of  manganese). 
If  a  g.  of  sodium  oxalate  require  n  cc.  of  permanganate,  then 


1  cc.  KMn04soln.  =  °  =  0.2460  -g.  Mn 

/\  71  71 


This  factor  applies  only  to  the  Volhard  method.  l 

(b)  Against  Sodium  Thiosulfate  Solution.  —  When  potassium 
permanganate  is  added  to  an  acid  solution  of  potassium  iodide, 
the  following  reaction  takes  place: 


2MnO4-  +  10I-+16H+  ==  2Mn++  +  8H2O  +  5I2 

and  the  free  iodine  may  be  titrated  with  sodium   thiosulfate. 

I2  +  2S2O3—    =  21-  +  S4O6— 

If  the  strength  of  either  the  permanganate  or  of  the  thiosul- 
fate  solution  is  known,  that  of  the  other  solution  may  be  com- 
puted.2 The  reaction  furnishes  a  rapid  and  accurate  method  of 
standardization. 

Dissolve  about  2  g.  of  pure  potassium  iodide  in  300  cc.  of 
water,  add  5  cc.  of  dilute  hydrochloric  acid  (sp.  gr.  1.12)  and  if 
the  solution  is  at  all  yellow  (free  iodine  liberated  by  iodate  in 
the  iodide  or  of  free  chlorine  in  the  acid)  carefully  discharge  the 
color  by  the  addition  of  a  drop  or  more  of  dilute  thiosulfatr 
solution.  Add  to  the  colorless  solution  of  potassium  iodide  an 
accurately  measured  volume  of  the  permanganate  solution,  using 
50  cc.  in  the  case  of  the  weaker  solution  and  25  to  30  cc.  of  the 
stronger.  The  solution  is  at  once  colored  red  by  the  liberated 
iodine.3  In  case  a  precipitate  of  manganese  dioxide  is  formed, 
dissolve  it  by  the  addition  of  a  little  more  hydrochloric  acid. 
Titrate  the  solution  with  tenth-normal  sodium  thiosulfate  until 

1  Ann.,  198,  333,  242,  98  (Volhard). 

1  It  is  possible  to  prep:  i  re  perfectly  pure,  anhydrous  thiosulfate  (cf.  Younu. 
.1.  Am.  ('h.  in.  Sor.,  26,  1028)  and  with  this  salt  it  is  easy  to  prepare  a  tenth- 
luinn.-il  solution. 

3  The.  iodine  really  unites  wit  li  unchanged  iodide  i<»n-  !••  form  I  ion.- 
in  which  two-thirds  of  the  iodine  hehaves  like  tree  iodine. 
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nearly  eolorless,  then  add  a  little  siarrh  -..luiinii1  ami  finish  the 

bitration. 

Computation.  --The  above  equations  show  that  2  molecules 
of  permanganate  liberate  10  atom-  of  inline  which  in  turn  n 
with  10  molecules  of  thiosulfate.  In  the  titratioii  of  the  man- 
ganous  salt  by  permanganate,  \\«-  hav«-  sta)  'l'-'lf  -  moleeiiles  of 
permanganate  react  with  3  molecules  of  manLianous  salt.  Thus, 
3  atoms  of  manganese  in  the  hivalent  condition  have  the  same 
reducing  power  as  10  molecules  of  thiosulfate  and  1  cc.  of  tenth- 
normal  thiosulfate  is  equivalent  to  '^  _  '^  =0.3X0.05493  = 
0.001648  g.  Mn.  If,  in  the  standardisation,  n  cc.  of  tenth-normal 

thiosulfate  are  equivalent  to  <i  cc.  of  permanganate 

1  cc.  KMnO4  solution  =  ().(K)1(>48  -  g.  Mn. 

The  results  obtained  by  this  method  of  standardisation 
closely  with  those  obtained   by  standardizing  against  sodium 
oxalate.     There  is  little  choice  between  the  two  methods.     The 
standardization  of  the  arsenite  solutions  is  explained  in  the  de- 
scription of  the  method  of  analysis. 

METHOD  OF  CARRYING  OUT  THE  ANALYSIS 

(a)  Preparation  of  the  Sample  for  the  Titration. — If  the  man- 
ganese alone  is  to  be  determined  in  an  alloy  containing  less  than 
10  per  cent,  of  this  element,  proceed  in  the  following  manner: 

Weigh  out  3  separate  portions,2  each  containing  2  g.  of  material, 
into  a  porcelain  dish  of  12  cm.  diameter.  Cover  the  dish  with 
a  watch-glass  and  dissolve  each  sample  by  the  gradual  addition 
of  25  cc.  of  nitric  acid  (sp.  gr.  1.18).  When  solution  is  complete, 
remove  the  watch-glass,  evaporate  to  dryness,  and  destroy  the 
nitrates  by  igniting  at  first  over  asbestos  and  finally  over  the  free 
flame  until  no  more  nitrous  fumes  are  evolved.  Cool  and  take 
up  the  residue  in  about  20  cc.  of  concentrated  hydrochloric  acid 
(sp.  gr.  1.2). 

1  Zinc-ioilide-etarch  solution  can  be  bought  which  is  suitable  for  such 
titrations  or  a  starch  solution  may  be  prepared  l>y  dissolving  0.5  g.  of 
soluble  starch  in  25  cc.  <>f  hot  water. 

*One  sample  is  to  }»•  used  f»>r  a  preliminary  titratiou  uhu-h  does  not.  a-* 
a  rule,  give  exact  result-. 
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If  a  dark-colored  residue  (containing  graphite)  remains  un- 
dissolved,  evaporate  the  hydrochloric  acid  solution  to  dry  ness, 
dehydrate  any  silicic  acid  by  heating  to  135°,  redissolve  in  hy- 
drochloric acid,  dilute,  filter  and  wash  the  residue  thoroughly  be- 
fore proceeding  with  the  titration.  The  undivided  solution  is  used. 

If  graphite  is  not  present,  it  is  unnecessary  to  filter  off  the 
silica,  fivaporate  the  hydrochloric  acid  solution  of  the  oxides  to 
dryness,  to  remove  any  chlorine  that  may  have  been  formed  from 
the  interaction  of  manganomanganic  oxide  and  hydrochloric 
acid,  take  up  the  residue  in  hydrochloric  acid  (sp.  gr.  1.12)  and 
rinse  the  solution  into  an  Erlenmeyer  flask  of  about  1  liter  ca- 
pacity. The  solution  is  now  ready  for  titration. 

If  it  is  desired  to  combine  the  manganese  determination  with 
the  determination  of  silicon,  or  phosphorus  in  samples  rich  in 
phosphorus,  or  nickel  in  a  nickel  steel,  a  larger  quantity  of 
material  may  be  taken  for  the  analysis  and  an  aliquot  part  of 
the  solution  used  for  the  manganese  determination.  In  this  way 
a  better  average  sample  is  obtained.  Of  materials  containing 
up  to  10  per  cent,  manganese,  from  8  to  10  g.  are  taken,  of  richer 
manganese  alloys  (ferro-manganese,  metallic  manganese,  etc.) 
a  correspondingly  smaller  amount  (down  to  2  g.).  Dissolve 
the  sample  in  nitric  acid  (sp.  gr.  1.18)  and  remove  the  silica  as 
described  on  p.  173. 

Catch  the  filtrate  from  the  silica  in  a  500  cc.  calibrated  flask, 
or,  if  the  weight  taken  was  less  than  8  or  10  g.,  in  a  250  cc.  flask. 
If  a  dark  colored  residue  remains  after  volatilization  of  the  silicon 
by  treatment  with  sulfuric  and  hydrofluoric  acids,  dissolve 
it  in  the  crucible  with  a  little  hydrochloric  acid  (sp.  gr.  1.12)  and 
rinse  the  solution  into  the  calibrated  flask. 

Fill  the  flask  up  to  the  mark  with  water  which  is  at  the  labora- 
tory temperature,  thoroughly  mix  by  pouring  back  and  forth 
into  a  dry  beaker  several  times,  and  take  an  aliquot  part  for 
the  manganese  determination  by  means  of  a  pipette,  a  smaller 
calibrated  flask,  or  by  weighing. 

If  the  substance  for  analysis  is  insoluble  in  acids,  ignite  from 
'2  to  U  g.  with  magnesia  and  sodium  carlxmate  as  described  for 
the  determination  of  silicon,  p.  178.  Transfer  the  ignited  mass 
from  the  crucible  to  nil  agate  mortar,  moisten  with  water,  break 
up  the  larger  pieces  with  the  pestle  and  grind  into  u  fine  powder. 
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Rinse  the  m.-iss  into  a  heaker.  OOTOT  tin-  latter  with  a  watch-glass 
and  add  a  little  sodium  peroxide  tn  di-eumpouc  any  manganate 
that  was  formed  during  the  ignition.  Heat  the  liquid  on  the 
water  hath,  with  fre<|iient  stirring,  until  the  excess  of  peroxide  if 
decomposed  and,  if  the  solution  then  appear-  m.-eii  or  violet 
(from  inanimate  or  permanganate),  repeat  the  treatment  with 
sodium  peroxide.  After  the  inanimate  has  all  lx*»n  reduced, 
the  solution  should  be  colorless,  or  yellow  in  case  chromium  is 
present.  Filter  off  the  precipitate,  containing  all  the  manganese 
and  iron  toget  her  wit  h  the  magnesia,  etc.,  and  wash  it  well  with 
hot  water.  Rinse  the  precipitate  into  a  porcelain  dish  and  dis- 
solve it  in  hydrochloric  acid  (sp.  gr.  1.12).  Evaporate  the  solu- 
tion nearly  to  dryness,  to  make  sure  that  all  the  chlorine  is  ex- 
pelled, and  rinse  with  dilute  hydroehlorie  acid  into  a  250  CC. 
calihrated  flask.  Make  up  to  the  mark  with  water  and  take  an 
aliquot  part-  for  the  titration. 

The  quantity  of  manganese  to  he  titrated  determines  which 
of  the  two  permanganate  solutions  should  he  used.  In  gen- 
eral, solutions  containing  from  40  to  80  mg.  of  manganese 
(corresponding  to  a  2  g.  sample  with  2  to  4  per  cent,  manganese) 
may  be  titrat.ed  with  the  weaker  solution;  if  the  manganese  con- 
tent is  higher  the  stronger  solution  should  be  used. 

If  the  sample  contained  only  a  little  i ion,  add  enough  pure  ferric 
chloride  to  each  solution  before  titration  so  that  the  iron  content 
will  correspond  to  about  1  g.  of  metal.  For  this  purpose,  it  is 
well  to  have  at  hand  a  solution  of  ferric  chloride  made  by  dis- 
solving about  500  g.  of  pure  ferric  chloride  (Fe(M3  +  (>H2O)  in 
water  with  a  little  hydrochloric  acid  and  diluting  to  1  liter;  such 
a  solution  contains  about  1  g.  of  iron  in  10  cc. 

(6)  Titration  of  the  Solution— The  solution  to  be  titrated, 
prepared  as  just  described,  should  he  in  an  Erlenmeyer  flask  of 
about  1  liter  capacity.  To  oxidize  tracee  of  ferrous  salt  that 
may  be  present,  add  a  small  crystal  of  potassium  chlorate,  or, 
better,  a  few  drops  of  pure,  concentrated  hydrogen  peroxide 
solution1  and  boil  gently  for  10  or  15  min.  to  destroy  the  ex- 
cess of  oxidi/ing  agent  replacing  the  hydrochloric  acid  lost  by 
evaporation).  There  should  he  no  odor  of  free  chlorine. 

Meanwhile  heat  the  distilled   water  necessary  for  the  titra- 

1  Perhydrol. 
14 
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tion  to  boiling  in  a  2  liter  flask  and  triturate  the  zinc  oxide 
necessary  for  the  precipitation  of  the  iron  in  a  mortar  with  water, 
until  a  thin  paste  is  obtained.  This  may  be  kept  in  a  small 
Erlenmeyer  flask.  If  the  approximate  manganese  content  of 
the  solution  is  not  known,  determine  it  by  a  trial  titration  carried 
out  in  the  following  manner: 

Dilute  the  manganese  solution  in  the  Erlenmeyer  flask  with 
boiling  water  until  the  volume  is  about  600  to  700  cc.  Add 
the  suspension  of  zinc  oxide  in  small  amounts  until,  after  vigor- 
ous shaking,  all  the  iron  is  precipitated  in  the  form  of  brown 
ferric  hydroxide1  and  the  solution  is  clear  and  colorless  after  the 
precipitate  settles. 

For  convenience,  place  the  flask  in  an  inclined  position  in  the 
support  described  on  p.  204  while  the  precipitate  is  settling. 
Add  10  cc.  of  the  permanganate  solution  from  a  burette,  shake 
vigorously  and  replace  the  flask  upon  the  support.  If,  when  the 
precipitate  settles,  the  supernatant  liquid  is  uncolored  by  per- 
manganate, add  another  10  cc.  of  permanganate,  shake  and  again 
allow  to  settle.  Repeat  the  operation  until  the  solution  above 
the  precipitate  is  colored  by  permanganate.  Then  add  the 
corresponding  arsenite  solution  in  small  quantities,  shaking  and 
allowing  to  settle  after  each  addition.  Continue  to  add  arsenite 
solution  until  the  permanganate  is  decolorized. 

From  the  volumes  of  permanganate  and  arsenite  solutions 
used  in  this  trial  titration,  the  approximate  volume  of  perman- 
ganate required  can  be  computed  by  assuming  the  two  solutions 
to  be  of  the  same  strength.  The  exact  value  of  the  ars<-nite 
solution  is  determined  at  the  time  the  accurate  titration  is  made. 

For  this  accurate  titration  of  the  manganese  content  of  the 
solution,  measure  from  a  burette,  into  a  small  beaker,  from  2  to 
4  cc.  of  permanganate  more  than  that  found  necessary  by  the  t  ml 
titration.  Then  dilute  the  manganese  solution  containing  ferric 
iron  to  a  volume  of  600  to  700  cc.,  add  the  necessary  quantity 
of  zinc  oxide  suspension,  and  shake  well.  When  all  the  iron  is 
precipitated,  quickly  add  the  permanganate  solution  from  the 

1  It  is  not  necessary  to  add  zinc  oxide  until  the  excess  whitens  the  pre- 

eipitate.     There  is  no  danger  of  an  excess  of  zinc  oxide  doinn  any  harm, 
•  T,  provided  the  permanganate  solution  is  added  rapidly,  as  in   the 
main  analysis. 
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beaker.  rin>e  the  beaker.  .Mini  >h:ike  the  contents  of  the  flask 
vigorously. 

If  t  lie  solution  should  now  be  colorless,  or  show  only  a  very  pale 
permanganate  color,  it  is  best  to  repeat  the  experiment  using  a 
somewhat  larger  quantity  of  permanganate. 

To  determine  the  excess  of  permanganate,  add  the  arsenite 
solution  in  small  portions  from  a  burette,  shaking  and  allowing 
to  settle  each  time,  until  the  supernatant  solution  is  colorless. 
It  is  necessary,  toward  the  last,  to  add  but  a  drop  or  two  of  areen- 
ite  solution  at.  a  time. 

To  tlet ermine  the  reducing  action  of  the  arsenite  under  as 
nearly  as  possible  the  same  conditions,  add  ~>  cc.  of  permanganate 
from  a  burette  to  the  hot  solution  that  has  just  been  titrated,  and 
again  titrate  with  arsenite  solution  until  the  permanganate  is  all 
decolorized.  In  this  way  the  value  of  1  cc.  of  arsenite  solution 
in  cc.  of  permanganate  is  determined,  and  the  exact  volume  of 
permanganate  required  to  react  with  the  manganese  in  the 
analyzed  sample  can  be  computed. 

If  ferric  chloride  solution  was  added,  then  an  equally  large 
volume  of  it  should  be  diluted  with  hot  water,  treated  with  zinc 
oxide  suspension  and  titrated  with  permanganate  until  a  pink 
color  is  obtained.  The  volume  of  permanganate  used  here 
should  be  deducted  from  that  used  in  the  main  experiment. 

Computation. — Let  s  represent  the  weight  of  sample,  a\t  the 
number  of  cc.  of  permanganate  used  in  the  main  t  it  rat  ion,  b\,  the 
number  of  cc.  of  arsenite  solution  used  in  the  main  titration,  a* 
the  number  of  cc.  of  permanganate  added  afterward,  62  the  num- 
ber of  cc.  of  arsenite  required  to  react  with  this  last  permanga- 
nate, c  the  number  of  cc.  of  permanganate  required  by  the  ferric 
chloride  solution  if  any  were  used,  and  T  the  value  of  1  cc.  of 
permanganate  solution  in  terms  of  metallic  manganese.  Then: 

[ai-  &r£*    -  c]  X  T  X  100 

=  per  cent.  Afn 

S 

Test  Analyses. — The  method  has  been  tested  by  taking  an 
accurately  measured  volume  of  permanganate  solution,1  reducing 

1  r/.  \\ultY.  Stahl  u.  Kis.-n.  11,  :;M>.  ,!«•  K.mim-k,  Hull.  siic.  rhiin.  Bclgique, 
18,  50. 
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it  by  evaporation  with  hydrochloric  acid,  and  then  titrating  with 
the  addition  of  ferric  chloride  solution  in  exactly  the  same  way 
as  in  any  analysis.  The  results  show  that  the  reaction  takes 
place  strictly  in  accordance  with  the  equation  given  when  the 
above-described  method  is  used. 


TABLE  87.—  RESULTS  OF  MANGANESE  DETERMINATIONS  IN  SAMPLES  RICH 

IN  MANGANI 


Nature  of  sample 

Gravimetric  method, 
per  cent.  Mn 

Volumetric  method, 
per  cent.  Mn 

Spieccl                                 ^ 

7.84 

7.95 

7.81 

7.98 

Ferromanganese  / 

58.8 
58.9 

59.0 
58.9 

FerroniMngancse.             f 

82   l 

82.0 

81.9 

M    '.i 

Metallic  manganese1..   /• 

99.1 

QO    1 

99.0 
QO  n 

TABLE  88. — RESULTS  OF  MANGANESE  DETERMINATIONS  IN  IRON  AND 

Manganese  content 


Chromium  content  deter- 

Gravimetric 

Volumetric 

mined  as  on  p.  202. 

I 

0  04 

0  08 

None 

Mil,  I.  steel  

0    I  '.i 

0.22 

Trace,    <0.01 

Sir,-  1  with  2.r,  %Ni..  .  . 
()r<liii:irv  steel 

(I    L's 
I)    •>'.» 

0.44 

o  :;•.» 

0.10 
0  02 

Holier  pl:ite 

0.44 

0.49 

0.02 

(  )nlinary  steel 

0  44 

0  52 

(l  <rj 

(  )nlin:irv  steel  

0    h'.l 

0.74 

0.01 

Tire  steel    .     . 

0.82 

(»  '.»<> 

i)  o:i 

File  steel  
l-'ili-  steel  

n  '.•: 

II    MS 

l   in 
1.02 

0.19 
Trace,     <().01 

1  The  m:mg:mrsr  content  obtained  by  deducting  nil  the  known  impurities 
was  '.M).  1  per  cent.     The  impurities  were  0.10  per  cent.  Fe.  O.LMi  per  ecu- 

.  per  cent.    N'l.  (MIL'  per  cent.  Cu,  O.CMi  per  Mat    Al.  0.0i{  per  cent     I'b 
0.05  per  cent.  C,  0.01  per  cmt .  S,  0.008  per  cent,  1' 
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Purity  of  the  Zinc  Oxide.  Kach  new  lot  of  /in.  ,,\Jde  should 
be  le>ird  to 866  if  it  I-  -ullirieiitly  pure.  Dilute  10  «•<•.  of  ferric 
chloride  >oluti«iu  with  hot  \\aler  to  a  volume  of  about  MM)  <•.-., 
add  1  g.  of  /me  oxide  which  ha-  been  rubbed  into  a  paMe  with 
IPgter,  and  titrate  with  permanganate.  l!rp.-at  the  experiment 
with  10  ec.  of  ferric  chloride  solution.  15  CC.  of  hydrochloric  acid 
(sp.  gr.  1.12)  and  10  g.  of  zinc  oxide.  If  the  /inc  oxide  is  pure  the 
permanganate  coiiMiiupt ion  will  not  I..-  greater  in  the  second  Ofttt 
than  in  the  first. 

ACCURACY  OF  KKSULTS  OBTAINED  BY  TUB  MODIFIED  VOUIARD 

METHOD 

The  manganese  content  of  a  solution  containing  manganous 
salt  and  ferric  chloride  may  lie  determined  within  a  fraction  of  a 
milligram.  Too  high  values  are  often  obtained  when  tin*  solu- 
tions contain  substances  other  than  manganous  salt  which  can 
react  with  permanganate. 

Such  substances  are  chromium,  cobalt  and  vanadium.  In 
the  analysis  of  most  kinds  of  ordinary  steel  these  elements  are 
present  only  to  an  inappreciable  extent. 

Iterated  determinations  of  chromium  in  ordinary  grades  of 
iron  and  steel  to  which  no  chromium  was  intentionally  added, 
have  shown  that  chromium  in  small  amounts  is  likely  to  be  pn  §- 
ent  and  as  a  result  the  Volhard  method  is  likely  to  give  too  high 
values.  This,  together  with  the  difficulty  in  obtaining  the  correct 
end-point,  make  the  method  less  suitable  for  the  determination 
of  quantities  of  manganese  less  than  1  per  cent,  than  either  of 
the  other  volumetric  methods  to  be  described. 

I'sually  it  is  possible  to  obtain  duplicate  determinations  that 
agree  within  the  following  limits: 

Manganese  Content  Permissible  Deviation 

1  to  2  per  cent.  0.0 1  per  cent. 

2  to  10  per  cmt.  0.06  per  cent. 
10  upwards  0 . 1    per  cent. 

It  is  difficult  to  get  good  results  by  this  method  in  the  anal- 
ysis of  nickel  steels.  This  is  partly  because  the  yellowish- 
green  color  of  nickel  solution  and  the  violet  of  permanganate  are 
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complimentary  colors  and  at  the  right  concentration  give  a 
colorless  solution.  The  chief  trouble,  however,  is  due  to  the 
small  quantity  of  cobalt  which  is  usually  present.  Cobaltous 
salts  are  oxidized  by  permanganate  with  the  formation  of  in- 
soluble cobaltic  oxide. 

(b)    FORD-WlLLIAMS    METHOD 

The  method  depending  upon  the  precipitation  of  manganese 
dioxide  by  the  addition  of  potassium  chlorate  in  nitric  acid 
solution  is  the  best  known  of  those  which  separate  iron  and  man- 
ganese by  the  precipitation  of  the  latter.  In  England  and  in  the 
United  States  the  process  is  usually  attributed  to  Williams1  or 
to  Ford2  and  Williams  but  in  Germany  it  is  credited  to  Hampe3 
or  to  Beilstein  and  Jawein.  When  potassium  chlorate  is  added 
to  a  solution  containing  manganese  ions  in  the  presence  of  strong 
nitric  acid,  the  following  reaction  takes  place: 

Mn++  +  2C1O3-  =  Mn02  +2  C1O2 

The  manganese  dioxide  is  obtained  as  a  precipitate  and  the 
chlorine  dioxide  is  boiled  off  as  a  gas.  The  precipitate  may  be 
dissolved  in  a  measured  volume  of  acid  ferrous  sulfate  solution 
or  hot  oxalic  acid  solution: 

Mn02  +  2Fe++  +  4H+  =  Mn++  +  2Fe+++  +  2H2O 
Mn02  +  4H+  +  C204~  =  Mn++  +  2C02  +  2H2O 


and  the  excess  of  reducing  agent  determined  by  titration  with 
permanganate. 

Procedure.  —  Weigh  out  from  2  to  3  g.  of  steel  into  a  600  cc. 
Erlenmeyer  flask  and  dissolve  in  60  cc.  of  nitric  acid  (sp.  gr. 
1.2).  To  prevent  loss  by  spattering,  place  a  small  funnel  in  the 
neck  of  the  flask.  Evaporate  the  solution  to  a  volume  of  about 
50  cc.,  add  50  cc.  of  concentrated  nitric  acid  (sp.  gr.  1.42) 
and  3  g.  of  potassium  chlorate.  Boil  the  solution  for  15  min., 
remove  the  flask  from  the  source  of  heat,  add  50  cc.  more  of 
concentrated  nitric  acid,  3  g.  more  of  potassium  chlorate,  and 

1  Tnns.  Inst.  Mining  Kngmeers,  10,  100. 

2  Ihi.l..  9,  397. 
•Chern.  Ztg.,  7,  73. 
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boil  for  !.">  ruin.  I  )<>  nm.  in  any  case,  add  the  potas- 
siuin  ciilnrate  to  the  nit  lie  ;ici<l  solution  while  it  IK  toiling,  or  an 
explosion  may  result.  Cool  the  solution  quickly,  by  placing 
the  Mask  in  cold  water,  and  filter  the  precipitated  manganese 
di-.xide  on  asbestos.  A  satisfactory  filter  i>  obtained  by  placing 
a  little  glass  wool  in  an  ordinary  funnel  and  pour-inn  on  it  a  little 
suspended  asl.estos  filers,  such  a«  are  used  for  ( looch  crucibles. 
\Vash  the  precipitate  with  concent  rated  nit  rie  acid1  till  free  from 
iron  and  with  water  till  free  from  acid.  Transfer  the  asbestos 
pad  and  precipitate  to  the  original  flask,  cover  with  50  cc.  of 
standard  ferrous  sulfate  solution2  and  dilute  with  water  to  a 
volume  of  200  cc.  Shake  the  contents  of  the  flask  with  small 
pieces  of  glass  stirring  rod  to  break  up  the  precipitate,  until  the 
manganese  is  all  dissolved,  and  then  titrate  with  0.03  normal 
permanganate.  The  ferrous  sulfate  solution  must  be  standard- 
ized against  the  permanganate  solution  the  same  day  the  analysis 
is  made.  Measure  out  50  cc.  of  the  solution,  dilute  to  200  cc. 
and  titrate  with  permanganate. 

The  permanganate  solution  may  be  standardized  against  so- 
dium oxalate  or  against  sodium  thiosulfate  as  described  on  pp. 
205  to  207.  If  the  permanganate  solution  is  standardized  against 
sodium  oxalate,  the  value  of  1  cc.  in  terms  of  sodium  oxalate 

multiplied  by  the  factor  ^ — r^TT  =  i<u  n  =  0-4099  w'^  ^'vc  ^ne 
value  of  1  cc.  permanganate  in  terms  of  metallic  manganese. 

Computation. — In  this  method  of  titration,  two  molecules  of 
permanganate  are  equivalent  to  5  atoms  of  manganese,  whereas 
in  the  Volhard  method  2  molecules  of  permanganate  are 
equivalent  to  3  atoms  of  manganese.  Hence,  the  manganese 
equivalent  of  1  cc.  of  permanganate  is  %  times  as  large 
as  its  value  in  the  Volhard  method.  This  is  because  in  the 
Volhard  titration  the  manganese  of  the  permanganate  is  re- 
duced from  the  valence  of  seven  to  the  valence  of  four,  while 
in  the  Williams  method  it  is  reduced  to  the  valence  of  two. 

Let  s  represent  the  weight  of  sample  taken  for  analysis,  ni  the 
number  of  cc.  of  permanganate  used  in  titrating  the  excess  of 

1  The  nitric  acid  must  he  free  from  nitrous  fumes  as  nitrous  acid  reduces 
manganese  dioxide  and  makes  it  soluble  in  nitrir  and 
1  10  g.,  FeSO«.7H,O,  900  cc.  water.  KM)  ,-,-.  cone.  H  -  > 
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ferrous  sulfate  solution,  n2  the  number  of  cc.  of  permanganate 
equivalent  to  the  total  quantity  of  ferrous  sulfate  solution  used, 
and  T  the  value  of  1  cc.  permanganate  solution  in  terms  of 
metallic  manganese.  Then 

(n,  -  ni)  T  X  100 

=  per  cent.  Mn. 

s 

Accuracy  of  the  Method. — The  precipitate  formed  by  treat- 
ment with  potassium  chlorate  is  assumed  to  contain  all  the 
manganese  in  the  quadrivalent  condition.  This  is  probably  not 
strictly  true.1  Moreover,  if  the  conditions  are  not  right,  often 
some  of  the  manganese  is  not  precipitated.2  If  the  manganese 
dioxide  precipitate  stands  for  some  time  it  becomes  less  readily 
soluble  in  the  ferrous  sulfate  solution.  In  spite  of  these  objec- 
tions, however,  the  results  obtained  are  usually  satisfactory  and 
the  method  is  more  suitable  than  the  Volhard  method  for  steels 
containing  less  than  0.6  per  cent,  manganese. 

(c)  THE  SODIUM  BISMUTHATE   METHOD 

Among  the  reagents  used  in  the  analysis  of  iron  and  steel 
for  the  quantitative  conversion  of  manganous  ions  in  nitric 
acid  solution  into  permanganic  acid  are  lead  peroxide  and  red 
lead,  ammonium  persulfate  in  the  presence  of  silver  nitrate  as 
catalyzer,  bismuth  tetroxide  and  sodium  bismuthate.  Of  th 
reagents,  all  except  the  last  two  are  used  in  a  hot  solution.  Per- 
manganate solutions  are  readily  decomposed  on  heating,  particu- 
larly in  the  presence  of  unoxidized  manganous  ions,  and  for  this 
reason  a  reagent  which  requires  heat  is,  on  the  whole,  less  suit- 
able than  one  which  is  effective  in  the  cold. 

Schneider3  originally  proposed  the  use  of  bismuth  tetroxide 
and  titrated  the  permanganate  formed  with  hydrogen  peroxide. 
Campredon,4  Mignot5  and  Jaboulay6  adopted  bismuth  tetroxide 

1  Stone,  Trans.  Inst.  Min.  Knuim-.-rs.  11,  :rj:i;  12,  295,  514.  Markin- 
tosh,  I  bill.,  12,  79,  13,39. 

-  Barn-suil,  Conipt.  rend.,  44,  <>77;  sec  also  Moore,  Chem.  News,  64,  66; 
Hampr,  ('hem.  Zt«.,  1883,  1109. 

'Dintf.  poly.  .!.,  269,224. 

4  Rev.  (-him.  iml.,  9,  :HM>  (1898). 

6  Ann.  rhim.  anal.,  6,  172  (1900). 

•Rev.  gen.  cliim.,  6,  11 
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.lient  Uit   Reddrop  and  Ramage1   used  sodium  bismuthate 

because  it  can  be  obtained  more  readik  ffM  t'min  chl,  ,i  n  !•-.  wliirli 
interferes  with  the  format  inn  nf  perinannanai.-.  Ibliotsoii  ami 
Brearlev'  replaced  the  hydrogen  peroxide  by  ferrous  ammo- 
nium sulphate.  A.  A.  Blair  railed  attention  to  the  process  and 
characteri/ed  it  as  more  accurate  than  any  other  method, 
volumetric  or  gravimetric,  for  the  determination  of  manga- 
nese in  quantities  up  to  about  2  per  cent.  Blum  has  recently 
studied  the  method  most  carefully  and  has  shown  that  it  can  lo- 
used even  with  materials  rich  in  manganese.4 

When  sodium  bismut  hate  is  added  to  a  cold  solution  of  man- 
ganous  salt,  containing  considerable  free  nitric  a<  -id  and  no 
chloride  or  reducing  substance,  the  colorless  manganous  cations 
are  converted  into  purple  permanganate  anions: 


5Bi03-  +  2Mn++  +  14H+  ==  2Mn04~  +  5Bi+++  +  7H,O 

The  excess  of  the  reagent  is  insoluble  and  can  be  removed  by 
filtration  through  asbestos.  The  permanganate  ions  on  being 
treated  with  an  excess  of  ferrous  ions  are  changed  back  to 
manganous  cations: 

MnOr  +  5Fe++  +  8H+=  5Fe+++  +  Mn  +++  4H,O 

and  the  excess  of  ferrous  ions  can  be  titrated  with  standardi/ed 
potassium  permanganate  solution. 

REAGENTS  REQUIRED 

1.  Sodium  Bismuthate.  —  The  product  sold  under  this  name  is 
of  more  or  less  indefinite  composition  but  corresponds  fairly 
closely  to  the  formula  NaBiO3.  It  may  be  prepared  by  heating 
20  parts  of  caustic  soda  nearly  to  redness  in  an  iron  or  nickel 
crucible,  adding,  in  small  quantities  from  time  to  time,  in 
parts  of  dry,  basic  bismuth  nitrate,  followed  by  2  parts  of 
sodium  peroxide  and  finally  pouring  the  brownish-yellow  fused 
mass  on  au  iron  plate  to  cool.  When  cold,  wash  the  mass 

1  J.  Chem.  Sor..  67,  208  (1895). 

1  Chem.  News,  84,  247  (1901). 

«  J.  Am.  Chem.  Soc.,  26,  793  (1904). 

/.,  34,  i:;s-j  (\\n-2). 


218  ANALYSIS  OF  IRON  AND  STEEL 

4  or  5  times  by  decantation  with  water,  collect  on  an 
asbestos  filter  and  dry  at  110°.  The  compound  is  somewhat 
unstable  and  if  kept  over  6  months  it  should  be  tested  to  see 
if  its  oxidizing  power  is  still  sufficient.  Dark  brown  samples 
appear  to  be  just  as  efficient  as  others  which  are  yellow. 

2.  Nitric  Acid. — For  dissolving  the  sample,  use  nitric  acid 
(sp.  gr.  1.13)  which  may  be  prepared  by  diluting  concentrated 
nitric  acid  (sp.  gr.  1.42)  with  three  volumes  of  water.     This  acid, 
as    it    contains    25    per    cent,    of    the    concentrated    acid    by 
volume,  will  bo  called  the  25  per  cent,  acid  (it  contains  about 
22.5  per  cent,  of  anhydrous  HNO3  by  weight).     For  diluting 
the  solution,  use  3  per  cent,  nitric  acid,  prepared  by  diluting  30 
cc.  of  concentrated  nitric  acid  to  a  liter.     All  the  nitric  acid  used 
in  this  analysis  must  be  free  from  nitrous  acid.     Since  Reynolds 
and  Taylor1  have  shown  that  nitric  acid  as  weak  as  10  per  cent, 
is  decomposed  by  light  and  that  recombination  takes  place  in 
the  dark,  the  bottles  of  concentrated  nitric  acid  and  of  25  per 
cent,  acid  should  be  preserved  in  the  dark.     Nitrous  acid  reacts 
with  permanganate  precipitating  manganese  dioxide,  so  that  if 
nitrous  acid  is  present  in  the  solution  treated  with  bismuthate, 
some  of  the  manganese  may  be  left  on  the  filter.     Moreover,  if 
a  ferrous  salt  is  titrated  with  permanganate  in  the  presence  of 
nitric  acid  containing  some  nitrous  acid,  an  excessive  amount  of 
permanganate  will  be  required. 

3.  Potassium    Permanganate    Solutions. — For   steels    contain- 
ing less   than  1  per  cent,   of  manganese  0.03JV   permanganate 

<».!»",  g.  KMnO4  per  liter)  is  suitable;  for  higher  manganese 
content  a  0.12V  permanganate  (3.16  g.  KMnO4  per  liter)  should  be 
used.  The  addition  of  10  g.  caustic  potash  per  liter  lessens  the 
tendency  of  the  permanganate  solution  to  change  on  stand  ing.- 
The  conditions  recommended  by  McBride3  for  standardizing 
tenth-normal  permanganate  against  sodium  oxalate  are  briefly 
as  follows:  Volume,  250  cc.;  acidity,  2  per  cent,  concentrated 
sulfuric  acid  by  volume;  initial  temperature,  80°  to  90°;  slow 
addition  of  permanganate  especially  at  the  beginning  and  end; 
final  temperature  not  less  than  60°;  end  point  correction  with 

1  .1.  Chem.  Sor..  101,  i:U  (1912). 
•Blum,  .1.  Am.  ClH-in.  Boc.,  34,  1379. 
*  J.  Am.  Chcm.  Soc.,  34,  415  (1912). 
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a  blank  containing  a  known  amount  of  permanganate.  For 
standardi/ing  the  0.:>.V  solution  not  nu.ru  than  0.075  to  O.I  g. 
..I  -odium  oxalate  should  be  taken. 

4.  Ferrous  Sulfate  or  Ferrous  Ammonium  Sulfate  Solutions. — 
There  is  little  choice  between  those  substances  as  regards  the 
st ability  of  their  solution^.  I'm  use  with  U.O.'W  permanganate 
weigh  out  12.4  g.  of  ferrous  ammonium  sulfate,  or  8.8  g.  of 
ferrous  sulfate  crystals,  add  50  cc.  of  concentrated  sulfuric  acid 
and  dilute  to  1  liter.  For  use  with  0. 1 A  pn maimanate,  take 
39.2  g.  of  ferrous  ammonium  sulfate  or  27.8  of  ferrous  sulfate 
and  the  same  volumes  of  sulfuric  acid  and  water  as  before.  No 
appreciable  change  takes  place  in  the  ferrous  content  of  these 
solutions  during  a  period  of  a  few  hours.  The  0.1  N  ferrous  solu- 
tions lose  about  1  per  cent,  in  reducing  power  in  ">  days.  The 
solutions  should  be  titrated  against  the  permanganate,  therefore, 
on  the  same  day  that  the  analyses  are  made. 

To  determine  the  reducing  power  of  the  ferrous  solutions,  take 
50  cc.  of  25  per  cent,  nitric  acid  and  add  a  little  sodium  l»is- 
muthate.  Shake  and  allow  to  stand  a  few  minutes.  Dilute 
with  50  cc.  of  3  per  cent,  nitric  acid,  filter  through  an  asbestos 
filter  and  wash  with  100  cc.  of  3  per  cent,  nitric  acid.  To  the 
clear  filtrate  add  50  cc.  of  ferrous  sulphate,  or  the  amount  to 
be  used  in  the  analysis,  and  titrate  at  once  with  permanganate 
to  the  first  visible  pink. 

The  treatment  with  bismutlmte  is  not  absolutely  necessary 
but  it  affords  a  convenient  way  for  testing  the  efficacy  of  the 
filter. 

Procedure  for  Steels. — Weigh  about  1  g.  of  the  sample  into  a 
200  cc.  Erlenmeyer  flask  and  dissolve  in  50  cc.  of  the  25  per  cent. 
nitric  acid.  When  the  steel  has  all  dissolved,  cool  somewhat 
and  add  sodium  bismuthate  in  small  portions  until  a  perman- 
ganate color  persists  on  boiling,  or  be«.in«s  decomposed  into 
manganese  dioxide.  Usually  0.5  g.  of  bismuthate  is  sufficient 
and  can  be  measured  sufficiently  accurately  by  means  of  a  small 
horn  spoon.  This  preliminary  oxidation  with  the  bismuthate  is 
essential.  It  serves  to  oxidize  all  substances  in  the  solution 
which  may  react  with  sodium  bismuthate  or  with  per- 
manganate. To  reduce  the  manganese  again  to  the  bivalent 
condition,  without  affecting  the  other  interfering  substances 
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which  have  been  oxidized  by  the  bismuthate,  add  a  little  sul- 
furous  acid,  hydrogen  peroxide  or  pure  ferrous  sulphate  crystals. 
Heat  for  2  inin.  to  remove  oxides  of  nitrogen  and  then  cool  to 
about  15°.  To  the  cold  solution  add  an  excess  of  bismuthate 
(usually  0.5  to  1  g.)  and  shake  well  for  half  a  minute.  Wash 
down  the  sides  of  the  flask  with  50  cc.  of  3  per  cent,  nitric  acid, 
filter  through  asbestos  and  wash  with  50  to  100  cc.  of  the  same 
acid,  making  sure  that  the  last  washings  are  colorless.  A  suit- 
able asbestos  filter  may  be  prepared  by  tamping  down  a  wad 
of  glass  wool  into  an  ordinary  funnel  and  pouring  over  it  a  little 
of  the  asbestos-fiber-suspension  such  as  is  used  for  Gooch  cru- 
cibles. Asbestos  fibers  on  a  platinum  cone,  or  in  a  Gooch  cru- 
cible, or  the  asbestos  filter  used  for  carbon  determinations  (cf.  p. 
166),  may  be  used  instead.  To  the  clear  filtrate,  add  50  cc.  of 
standard  ferrous  solution  from  a  pipette  and  at  once  titrate  to  a 
pink  end-point  with  permanganate. 

Procedure  for  Cast  Iron. — Dissolve  1  g.  in  25  cc.  of  25  per 
cent,  nitric  acid  in  a  small  beaker.  When  all  action  has  ceased, 
filter  into  a  200  cc.  Erlenmeyer  flask.  Wash  the  filter  with 
30  cc.  of  the  25  per  cent,  nitric  acid  and  proceed  as  with  steels. 

The  removal  of  the  carbonaceous  residue  is  essential  as  other- 
wise it  is  almost  impossible  to  convert  all  the  manganese  to 
permanganate.  If  it  is  desired  to  test  an  insoluble  residue  for 
manganese,  volatilize  the  silica  by  treatment  with  sulfuric  and 
hydrofluoric  acids,  fuse  the  residue  with  a  little  potassium  pyro- 
snlfate  (potassium  acid  sulfate  heated  until  it  begins  to  fume), 
take  up  the  fusion  in  25  per  cent,  nitric  acid,  and  then  treat 
with  sodium  bismuthate. 

In  the  analysis  of  white  irons,  it  may  be  necessary  to  treat 
the  solution  several  times  with  sodium  bismuthate  in  order  to 
destroy  all  the  iron  carbide  in  the  preliminary  treatment. 
Otherwise,  the  carbide  will  prevent  the  quantitative  conversion 
of  the  manganese  to  permanganate. 

Procedure  for  Ferro -manganese. — Treat  1  g.  with  25  per  cent 
nitric  acid  exactly  as  in  the  analysis  of  stool.  Dilute  the  solution 
to  500  cc.  in  a  calibrated  flask  and  take  an  aliquot  part  correspond- 
ing to  from  0.01  to  0.02  g.  of  manganese.  Add  12  to  15  cc.  of 
concentrated  nitric  acid  (sj>.  gr.  1.42),  dilute  to  50  or  60  cc..  and 
treat  with  sodium  bismuthate  in  the  usual  way. 
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Procedure   for  Ferro  -silicon.     Treat    1    g.   with  sulfurio  and 
hydrofluoric   acids  and   heal    until    (hick   fumes  of  sulfuri. 
are  evolved.     Cool  and  dissolve  in  jr>  cc.  of  25  per  cent,  nitric 
acid.     Transfer  to  a  200  cc.  fla>k.  rinsr  tin-  .lisli  or  crucible  with 
25  cc.  more  of  the  same  acid,  and  proceed  as  usual. 

Procedure  for  Special  Steels.  —  Steels  containing  chromium 
olY.-r  no  special  difficulties.  In  a  hot  solution  the  chroinium 
is  o\idi/ed  liy  t  he  hismut  hate  to  chromic  acid  and  the  manganese 
is  left  in  the  form  of  manganese  dioxide;  both  are  reduced  by 

the  siilfurous  aoid,  or  other  reducing  agent,  and  in  cold  solutions 

t  he  oxidation  of  the  chromium  by  sodium  bismuthate  takes  place 
so  slowly  that  the  results  of  the  manganese  determination  are 
not  affected  if  there  is  no  delay  in  filtration.      Steels  containing 
tungsten  are  sometimes  troublesome  on  account  of  the  Q 
sity  of    removing    (lie    tungstic    acid.     Steels    that    decompose 
readily    with    nitric    acid   yield,  after   filtering   of!   the   tut 
acid,  solutions  which  may  l>e  treated  like  those  obtained  with  cjwt 
iron.     If  it  is  necessary  to  use  hydrochloric  acid  for  dissolving 
the  sample,  it  should  be  removed  by  repeated  evaporation  with 
nitric  acid. 

Computation.  —  In  this  method  of  analysis  it  is  obvious  that 
1  molecule  of  potassium  permanganate  is  equivalent  to  1  atom 
of  manganese.  Hence  the  manganese  equivalent  of  1  cc.  per- 
manganate is  two-thirds  as  large  as  in  the  Volhard  method  and 
two-fifths  as  large  as  in  the  Williams  method. 


1  cc.  0.03AT  KMn04  solution  =     ~—  =  0.0003296  g.  Mn 

oUUU 

1   cc.  0.1AT  KMn04  solution  =  -^gjjjjp9  =  0.001099   g.   Mn 

If  s  represents  the  weight  of  sample,  n\  the  number  of  cc.  of 
permanganate  used  in  titrating  the  excess  of  ferrous  solution, 
//o  the  number  of  CC.  of  permanganate  equivalent  to  the  entire 
quantity  of  ferrous  salt  added,  and  T  the  value  of  1  cc.  perman- 
ganate in  terms  of  Mn.  then 

(n«  -  ni)  T  x  100 

=  per  cent.  Mn. 

Accuracy  of  the  Method.  —  When  the  conditions  are  right,  the 
bismuthate  process  is  certainly  as  accurate  as  any  known  method 
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for  determining  manganese  in  solutions  containing  loss  than  0.05 
g.  of  the  element.  In  the  analysis  of  samples  rich  in  manganese, 
satisfactory  results  are  obtained  by  using  an  aliquot  part  of  the 
original  solution.  Blum1  tested  the  method  in  four  ways; 
with  a  manganese  sulphate  solution  of  known  manganese  con- 
tent, by  reducing  a  measured  volume  of  permanganate  and  oxidiz- 
ing it  again  with  sodium  bismuthate,  by  analyzing  potassium 
permanganate  crystals  and  by  analyzing  a  standard  manganese 
ore.  Concordant  results  within  one  part  in  five  hundred  were 
obtained.  The  oxidation  of  the  manganese  to  permanganate 
is  quantitative  in  well-agitated  solutions  at  temperatures  below 
25°  and  the  acidity  of  the  solution,  when  the  bismuthate  is 
added,  may  vary  between  20  and  40  per  cent,  in  a  volume  of  50 
to  150  cc.  The  preliminary  treatment  with  sodium  bismuthate 
should  never  be  omitted  and  any  difficultly  soluble  residu** 
containing  oxidizable  material  must  be  removed  by  filtration, 
as  mentioned  in  the  above  directions. 

1  Loc.  cit. 


CHAPTER  IV 
PHOSPHORUS 

Phosphorus,  in  varying  quantities,  is  found  in  all  kinds  of  iron 

and  stool  as  well  as  in  the  various  alloys  used  in  steel  making. 
Sometimes  for  special  purpo^, •>.  iron-phosphorus  alloys  are  pre- 
pared containing  as  much  as  25  per  cent,  of  phosphorus.  In 
materials  low  in  phosphorus  it  is  present  in  solid  solution  with 
the  iron  but  in  materials  rich  in  phosphorus  (over  1.7  per  cent. 
P)  it  is  also  present  in  the  form  of  free  phosphide  of  iron. 

As  phosphorus   shows  a  marked   tendency    toward  sou 
tion,  it  is  necessary   to  exen  ise   particular  pains  in  selecting  the 
sample  for  analysis. 

1.  DETERMINATION  OF  PHOSPHORUS  IN  MATERIALS  SOLUBLE 
IN  NITRIC  ACID 

(a)  BY  WEIGHING  AMMONIUM  PHOSPHOMOLYBDATE  (FINKENER) 

Principle. — The  first  problem  involved  in  the  accurate  deter- 
mination of  the  phosphorus  is  the  conversion  of  all  the  phosphorus 
into  phosphoric  acid. 

When  steel  is  dissolved  in  nitric  acid  (sp.  gr.  1.18),  a  part  of 
the  phosphorus  is  converted  into  phosphoric  acid  but  the  re- 
mainder is  left  in  solution  in  the  form  of  less  highly  oxidized 
acids,  such  as  phosphorous  acid.  In  order  that  this  phosphorus 
may  be  made  to  react  with  the  ammonium  molybdate,  it  is 
necessary  to  convert  it  into  phosphoric  acid  by  mean<  of  a  more 
energetic  oxidizing  agent  or  by  evaporating  to  dryness  and 
baking  the  residue. 

With  regard  to  the  completeness  of  the  precipitation  of  phos- 
phoric acid  by  means  of  ammonium  molybdate  solution, 
Hundcshagen1  has  emphasized  the  following  facts: 

1.  Fur  hydrochloric  and  sulfuric  acids,  or  too  concentrated 
nitric  acid,  prevent  the  complete  precipitation  of  the  phosphoric 
acid. 

1  Z.  anal.  Chcm.,  28,  141  iissiij. 
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2.  Small  quantities  of  free  nitric  acid  and  salts  of  monobasic 
acids  (chlorides,  bromides)  have  no  harmful  effect. 

3.  Ammonium  nitrate  has  a  marked  accelerating  effect  upon 
the  precipitation  of  ammonium  phosphomolybdate. 

Raising  the  temperature  also  hastens  the  formation  of  the 
precipitate  but  when  the  precipitation  takes  place  in  the  cold,  as 
recommended  by  Finkener,  there  is  less  danger  of  an  excess  of 
molybdic  acid  being  thrown  down;  this  is  important  in  all  cases 
where  the  precipitate  itself  is  to  be  weighed  or  the  molybdenum 
in  it  determined  as  a  measure  of  the  phosphorus  content. 

When  arsenic,  tungsten  or  vanadium  is  present,  the  process 
which  is  to  be  described  first  cannot  be  used  without  modification. 

Requisite  Solutions. — According  to  Finkener 's  directions, 
prepare  2  liters  of  ammonium  molybdate  reagent  by  dissolving 
80  g.  of  finely  powdered  ammonium  molybdate  in  a  large 
Erlenmeyer  flask  with  640  cc.  of  water  and  160  cc.  of  20  per  cent, 
ammonia  (sp.  gr.  0.925).  Shake  the  flask  vigorously  to  hasten 
the  solution.  Prepare  a  mixture  of  960  cc.  of  30  per  cent,  nitric 
acid  (sp.  gr.  1.18)  and  240  cc.  of  water  in  a  two-liter,  glass-stop- 
pered bottle,  cool  the  mixture  and  slowly  add  to  it  the  am- 
monium molybdate  solution  in  small  portions,  with  shaking. 

Before  using  this  reagent,  it  should  be  allowed  to  stand  a  few 
days  in  a  dark  place;  at  the  end  of  this  time  a  small  quantity  of 
yellow  precipitate  will  have  formed.  Decant  off  the  solution 
from  the  precipitate  and  filter  if  necessary. 

Wash  Liquid. — Dissolve  150  g.  of  ammonium  nitrate  in  water, 
add  10  cc.  of  concentrated  nitric  acid  (sp.  gr.  1.4)  and  dilute 
wit  h  water  to  a  volume  of  1  liter.  Use  this  solution  for  washing 
the  ammonium  phosphomolybdate  precipitate. 

Procedure. — Weigh  out  4  or  5  g.  of  iron  or  steel  turnings1  into 
a  porcelain  casserole  (about  14  cm.  in  diameter),  cover  the  latter 
with  a  watch-glass,  and  dissolve  the  sample  by  adding  50  to  75 
cc.  of  dilute  nitric  acid  (sp.gr.  1.18)  in  small  portions.  Evaporate 
the  solution  to  dryness  and  decompose  the  nitrates  by  strong 
ignition;  this  serves  to  make  sure  that  all  of  the  phosphorus  is 
oxidized  to  the  quinquevalenl  condition. 

1  To  obtain  a  good  average  sample  it  is  not  advisahle  to  weigh  out  too 
small  :i  sample  hut  letter  to  use  a  large  sample  and  take  an  ali(ju<.t  part 
for  the  phosphorus  determination. 


Take  Up  the  ivsi.hu-  \\ith  h\druchloric  arid  and  ivmuve  till* 
silica  exactly  as  described  for  the  determination  of  silirnii  by 

Method  it.    p,  i;:*). ' 

Can-fully  wash  the  silica  on  the  filter  with  hot  dilute  hydro- 
chloric acid  KM)  ec.  uah -|- and  KM)  cc.  rune.  IK  '!)  and  concentrate 
the  en  tire  filtrate,  to  remove  M  much  i\8  possible  of  the  five  hydro- 
chloric acid,  by  evaporating  tu  t  he  cun^istency  uf  -imp.  Do  not 
continue  the  evaporation  to  the  point  where  salts  crystal li/«- 
out  on  cooling  as  this  will  cause  basic  salts  to  lx»  pn-cipita1 

If  much  phosphorus  is  present,  or  if  it  is  desired  to  determine 
manganese  or  nickel  in  the  same  sample,  dilute  the  solution  up  to 
the  mark  in  a  1?.")0  cc.  calibrated  flask,  take  an  aliquot  part 
sufficient  for  the  phosphorus  determination  and  evaporate  it 
nearly  to  dryness,  as  just  described. 

Cool  the  concentrated  ferric  solution,  add  50  to  100  CC.  of 
ammonium  molybdate  solution,  according  to  the  presumable 
phosphorus  content,  and  stir  vigorously  to  promote  the  forma- 
tion of  the  precipitate.  Allow  it  to  stand  half  an  hour  in  the 
cold  and  add  enough  solid  ammonium  nitrate  to  make  the  solu- 
tion contain  25  per  cent,  of  the  solid  salt,  stirring  until  all  of  it 
has  dissolved.  If  100  cc.  of  ammonium  inolybdatc  reagent  \\  • 
added  and  the  original  solution  had  a  volume  of  about  10  < 
then  28  g.  of  ammonium  nitrate  is  the  proper  quantity.  This 
causes  the  temperature  of  the  liquid  to  fall  noticeably  and  the 
precipitation  is  made  complete.  After  standing  18  to  24  hr. 
at  the  room  temperature,  decant  off  the  solution  above  the  yellow 
precipitate  of  ammonium  phosphomolybdate  through  a  well- 
running  filter  into  an  Krlenmeyer  flask.  When  all  the  SUJMT- 
natant  liquid  lias  been  poured  otY.  replace  the  Krlenmeyer  flask 
beneath  the  filter  with  a  clean  flask,  transfer  the  precipi* 
to  the  filter  and  wash  a  few  times  with  the  prescrilxnl  acid  ammo- 
nium nitrate  solution.  If,  during  the  washing,  some  of  the 
precipitate  runs  through,  filter  this  portion  of  the  filtrate  again. 
Continue  the  washing  with  the  ammonium  nitrate  solution  until 
a  little  of  the  filtrate  gives  no  reaction  for  iron  with  potassium 
ferrocyanide  or  potassium  thiocyanate.  Test  the  main  filtrate 
to  see  if  precipitation  was  complete,  by  adding  a  little  more  of 

1  The  process  may  I).-  >h<.i  t.-n,  a  as  outlined  on  p.  200. 
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the  reagent  and  allowing  the  solution  to  stand  a  few  hours 
before  discarding  it. 

If  the  ammonium  phosphomolybdate  precipitate  is  at  all 
bulky,  rinse  as  much  of  it  as  possible,  with  distilled  water  from 
a  wash  bottle,  into  a  weighed  porcelain  crucible  (45  cc.  capacity) 
and  evaporate  to  dryness  on  the  water  bath.  Dissolve  the 
residual  precipitate  that  adheres  to  the  sides  of  the  beaker  in  a 
little  dilute  ammonia  and  wash  the  filter  with  this  ammoniacal 
solution,  catching  it  in  another  porcelain  crucible  (un weighed). 
Wash  the  beaker  and  the  filter  with  dilute  ammonia  until  free  from 
molybdenum  salt.  (A  test  for  molybdenum  can  be  made  by 
introducing  a  little  hydrogen  sulfide  into  the  ammoniacal  wash- 
ings and  acidifying;  brown  molybdenum  sulfide  will  then  form 
if  any  molybdenum  remains.)  Evaporate  this  ammoniacal  solu- 
tion on  the  water  bath  until  the  odor  of  ammonia  can  scarcely 
be  detected.  Pour  about  5  drops  of  strong  nitric  acid  (sp.  gr. 
1.4)  upon  the  dry  residue  in  the  weighed  crucible,  add  the  con- 
tents of  the  other  crucible  and  wash  it  out  with  water.  Evapo- 
rate to  dryness  on  the  water  bath  again  and,  when  perfectly  dry, 
ignite  on  the  Finkener  tower  until  all  the  ammonium  nitrate  has 
been  volatilized.  Particular  pains  must  be  taken  with  a  bulky 
precipitate  to  avoid  loss  by  spattering.  It  is  best,  therefore, 
to  place  the  crucible  on  a  thin  clay  or  nichrome  triangle  over 
the  three  gauzes  of  the  Finkener  tower  (Fig.  118)  and  heat 
until  the  contents  of  the  crucible  are  perfectly  dry,  then  remove 
the  lower  gauze  and  finally,  when  the  fumes  of  ammonium  nitrate 
begin  to  diminish,  the  middle  gauze.  Continue  the  heating  until 
no  more  fumes  are  evolved,  then  take  the  crucible  in  the  tongs 
and  gently  heat  the  sides  of  the  crucible  with  the  naked  Hunsen 
flame  to  make  sure  that  all  the  ammonium  nitrate  is  decomposed. 
This  heating  must  not  be  continued  to  the  point  where  the  pre- 
cipitate assumes  a  bluish  green  or  blue  tint. 

Place  the  crucible  in  a  desiccator  over  sulfuric  acid  and  allow  it 
to  cool  there  with  a  weighed  watch-glass  upon  it.  After  20  to  25 
min.  weigh  as  quickly  as  possible  with  the  watch-glass  remain- 
ing on  t  he  crucible.  This  precaution  is  necessary  inasmuch  as  t  In- 
precipitate  is  hygroscopic.  Heat  gently  again  and  weigh  in  the 
same  manner,  continuing  the  treatment  until  two  successive 
weights  do  not  vary  more  than  ().">  mg. 


. 

hi  ca0e  t he  :iiiiiiinniiiiii  phospbomolybdAte  precipitate  i>  -mall 

in  amount,  it   is  unnecessary  l(»  attempt   In  rinse  it  directly  into 
tin-  weighed  crucible.      Instead  of  this  di  oner  the  re- 

sidual precipitate  in  the  leaker  with  ammonia,  |M>ur  the  solution 
through  the  tiller  allowing  it   to  run  ii  ighed  crucible  (25 

1  wash  the  filter  wit h  dilute  ammonia  until 

all  the  precipitate  is  removed.  Kvaporate  the  solution  in  the 
crucible  until  the  odor  of  ammonia  is  barely  percept il.le.  luit  do 
not  evaporate  until  solid  salt  separates  out.  Add  a  little 
cent  rated  nit  ric  acid  to  precipitate  ammonium  pho8phomolyl»date 
attain.  evaporate  to  diyncss  and  heat  over  the  Finkener  tower 
as  described  alx)ve. 

Computation. — When  the  above  directions  are  can-fully  fol- 
lowed, the  weighed  precipitate  corresponds  to  the  formula 
(NHi)8PO4-12MoO3  and  contains  l.ti-1  jxTcent.  P. 

If  p  represents  the  weight  of  the  precipitate  and  8  that  of  the 
original  sill-stance  then 

L64p 

-    =     pep  cent.  P 

o 

REMARK. — The  above  directions  are  too  involved  to  be  of  use 
in  a  busy  laboratory  when  a  large  number  of  phosphorus  deter- 
minations have  to  be  made  every  day.  The  following  simpler 
procedure  has  been  found  to  give  sat  isfactory  results  and  is  based 
upon  the  directions  recommended  in  1(.K)7  l>y  a  Commit*- 
Standard  Methods  chosen  by  the  American  Foundrymcrfs 
Association. 

(b)  RAPID  GRAVIMETRIC  METHOD 

Ammonium    Molybdate    Solution. — Dissolve    100    g.   of  pure 

molybdic-acid-aiihydride  (MoOs)  by  stirring   it   into  a  mixture 
of  150  cc.  of  concentrated  ammonia  (sp.  nr.  n.'.MM  and 
water.     When  all  is  dissolved,  add  »'.:>  cc.  of  concentrated  nitric 
acid  (sp.  gr.  1.42).     Pour  the  cold  solution  into  a  <W//  mixture  of 
400  cc.  concentrated  nitric  acid  and   1100  cc.  of  water,  stirring 
constantly.     Adda  few  drops  of  ammonium  phosphate  solution 
and    allow    to    stand    loiiLr    enough    for   a  slight    precipit 
ammonium  phosphomolybdate  to  settle  out.     Filter  I >efore  using. 
The  solution  does  not  keep  very  well  and  for  this  reason  the 
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analysis  should  always  be  made  with  a  solution  that  has  not  been 
standing  too  long. 

Procedure. — Dissolve  2  g.  of  borings  in  50  cc.  of  nitric  acid  (sp. 
gr.  1.2)  and  10  cc.  of  hydrochloric  acid  (sp.  gr.  1.2)1  in  a  por- 
celain evaporating  dish.  Evaporate  the  solution  to  dryness  and 
bake  the  residue  at  a  temperature  of  approximately  200°  until 
free  from  acid.  This  baking  serves  to  oxidize  carbonaceous  mat- 
ter and  to  complete  the  oxidation  of  the  phosphorus  to  phosphoric 
acid.  Dissolve  the  residue  by  heating  it  with  25  to  30  cc.  of  con- 
centrated hydrochloric  acid,  dilute  the  solution  to  about  60  cc.  and 
filter  into  a  250  cc.  Erlenmeyer  flask.  Evaporate  the  filtrate  to 
about  25  cc.,  add  20  cc.  of  concentrated  nitric  acid  and  evaporate 
till  a  film  begins  to  form  on  the  surface  of  the  liquid.  Add  30  cc. 
of  nitric  acid  (sp.  gr.  1.2)  and  again  evaporate  till  a  film  begins  to 
form.  Dilute  with  hot  water  to  a  volume  of  about  150  cc.,  cool 
to  between  70  and  80°,  add  50  cc.  of  ammonium  molybdate 
solution  and  shake,  or  stir  vigorously,  for  a  few  minutes.  Filter 
through  a  weighed  Gooch  crucible  and  wash  the  precipitate  3 
times  with  3  per  cent,  nitric  acid  and  twice  with  alcohol.  Dry 
the  crucible  to  constant  weight  at  105°.  Assume  that  the  pre- 
cipitate contains  1.63  per  cent,  of  phosphorus. 

(c)     RAPID  VOLUMETRIC  METHODS 

(a)  REDUCTION  OF  THE  MOLYBDENUM  AND  TITRATION  WITH 
PERMANGANATE 

This  method  was  recommended  some  years  ago  by  a  com- 
mittee of  American  chemists  consisting  of  W.  P.  Barba,  A.  A 
Blair,  T.  M.  Drown,  C.  B.  Dudley  and  P.  W.  Shimer.  It  gives 
accurate  results  when  the  prescribed  conditions  are  carefully 
maintained.  It  depends  upon  the  precipitation  of  the  phos- 
phorus as  ammonium  phosphomolybdate  under  conditions  such 
that  the  ratio  of  P:Mo  =  1:12  is  maintained,  the  solution  of 
the  precipitate  in  dilute  ammonia,  acidification  with  sulfurir 
acid,  reduction  of  the  molybdenum  by  zinc  and  titration  back  to 
the  hexavalent  condition  by  moans  of  potassium  permanganate. 

1.  Ammonium  Molybdate. — Stir  100  g.  of  pun-  molylxlic  acid 

1  If  th«-  samp!*-  i-  limh  in  phosphorus  it  is  better  to  use  half  the  above 
of  sample  and  »f  reagents. 
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anhydride  into  400  eo.  of  cnld  «li>iill«-.|  uat«-i  ami  add  80  CC.  of 
stioiiii  ammonia  (sp.  gr.  ().<H)).  When  all  i>  «li  tiller,  and 

add  it,  with  constant  st  in  -ing,  to  a  cold  mixture  of  400  GO*  •tfOII| 
nil ric  acid  (sp.  gr.  1.42)  and  600  cc.  uai.  r.  Add  ?>0  mg.  of 
iniorocosmie  salt  dissolved  in  a  little  water,  stir  well,  and  allow 
it  to  stand  24  hr.  Filter  In-fore  using.1 

2.  Dilute  Nitric  Acid  (sp.  gr.  1.13). — This  acid,  containing  ap- 
proximately  L'.")  per  cent,  nitric  acid  by  weight  as  well  as  !?."•  per 
cent,  of  strong  nitric  acid  l>y  volume,  is  prepared  by  diluting 
concentrated  nitric  acid  (sp.  gr.  1.42)  with  three  volumes  of 
water. 

.3.  Dilute  Sulfuric  Acid. — Add  25  cc.  of  concentrated  sulfuric 
acid  (sp.  gr.  1.84)  to  1  liter  of  water. 

4.  Dilute  Ammonia. — Dilute  strong  ammonia  with  1.5  times 
its  volume  of  water.     The  solution  should  have  a  sp.  gr.  of  0.96 
and  contain  9.9  per  cent.  NH3  by  weight.     Since  the  acidity  of 
the  solution  from  which  the  ammonium  phosphomolybdate  is 
precipitated  determines  the  completeness  of  the  precipitation, 
and.  to  some  extent,  its  composition,  it  is  advisable  to  test  the 
density  of  the  dilute  nitric  acid  and  of  the  ammonia  by  means  of  a 
Westphal  balance  or  delicate  hydrometer.     The  specific  gravit  ies 
given  are  assumed  to  be  taken  at  15°  and  referred  to  water  at  the 
same  temperature. 

5.  Acid  Ammonium  Sulfate. — To  1  liter  of  water  add  15  cc. 
of  strong  ammonia  (sp.  gr.  0.(.X))  and  25  cc.  of  strong  sulfuric 
acid.     Stir  well. 

6.  Strong  Permanganate   Solution. — Dissolve   12  to  15  g.  of 
permanganate   in    1    liter  of  water  and   filter  through 

This  reagent  is  used  to  complete  the  oxidation  of  the  phosphorus 
to  phosphoric  acid  and  destroy  carbonaceous  matter  from  the 
carbides  in  steel.  This  was  accomplished  in  the  previous  methods 
by  baking  the  residue  obtained  after  evaporating  the  acid 
solution  of  the  sample. 

7.  Standard  Permanganate  Solution. — Dissolve  about  2  g.  of 
potassium    permanganate  crystals  for  each   liter  of  solution   de- 
si  KM  1.     In  order  that  the  solution  may  keep  well,  it  i-  be>t  to  use 
the  same  care  in  preparing  it  as  described  on  p.  'JlM. 

1  The  final  solution  oht.iiiu-d  by  these  directions  is  practically  identical 

with  that  ul>t:iim-il  l>y  the  din-rtions  mvni  on  p.  237. 
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Any  good  method  of  standardizing  a  permanganate  solution  is 
perfectly  satisfactory.  It  is  a  very  common  practice,  however,  to 
use  metallic  iron  wire  for  this  purpose;  such  a  method  will  be  de- 
scribed and  it  involves  the  use  of  the  Jones  reductor,  which  is  also 
recommended  for  use  in  the  phosphorus  determination. 

The  Jones  reductor,  Fig.  125,  consists  of  a  glass  tube  A  about  30 

cm.  long  and  with  an  inside 
diameter  of  about  18  mm.; 
at  the  bottom  of  the  tube 
a  piece  of  platinum  gauze 
is  placed  or  some  glass 
beads.  Then  follows  a  plug 
of  glass  wool  and  a  thin  layer 
of  asbestos  such  as  is  used 
for  Gooch  crucibles.  The 
layer  of  asbestos  on  the 
glass  wool  should  be  some- 
what less  than  1  mm.  in 
thickness.  If  too  little  as- 
bestos is  used,  the  zinc  will 
pass  through  into  the  flask 
and  cause  trouble  in  the 
subsequent  tit-ration.  Too 
thick  a  layer,  on  the  other 
hand,  soon  becomes  cl<><ii:<  ••! 
and  the  liquid  will  pass 
125.  through  too  slowly.  Tin4 

tube  is   finally  filled    with 

amalgamated    zinc  to  within  5cm.  of  the  top  and  on  the  zinc 
is  placed  a  little  glass  wool  to  act  as  a  filter. 

The  amalgamated  zinc  is  prepared  by  taking  some  granulated 
zinc  which  will  pass  through  a  20- mesh  sieve  but  not  through  a  :i() 
mesh,  cleaning  it  \\ith  a  little  hydrochloric  acid  and  adding  mer- 
curic chloride  solution  until  hydrogen  ceases  to  be  evolved. 

Amalgamated  zinc  is  just  as  efficient  as  pure  zinc  with  regard  to 
its  reducing  power  upon  ferric  salts  or  upon  molyUlic  acid  but  it 
does  not  dissolve  readily  in  dilute  sulfuric  acid.  For  t  his  reason 
the  desired  reduction  can  he  accomplished  hy  passing  the  solu- 
tion through  the  tube  which  would  he  impossible  with  ordinary 


Suction 
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•/.'me.  on  account  of  the  lively  evolution  <»f  hvdrogen.  Before 
using  a  .lours  redurtor  aflrr  it  has  hmi  standing  for  some  time 
it  should  be  washed  well  with  dilute  sulfuric  arid. 

In  running  a  blank,  i.e.,  an  «-\p«-i  immt  with  thr  sainr  <|iian- 
titirs  of  arid  and  wash  water  as  an-  t«»  be  used  in  the  analysis  or 
itandardiiation,1  and  in  all  determinations,  proceed  as  follows: 

Pour  100  cc.  of  hot  '_>.">  per  eent.  sulfurir  arid  into  thr  funnel  B 
which  forms  the  top  of  thr  reduction  tube,  open  the  stopcock  C 
and  apply  gentle  suction.  \Vhen  only  a  little  dilute  acid  remains 
in  the  funnel,  add  the  solution  to  l>e  reduced  (50  cc.  of 
10  cc.  of  concentrated  sulfurir  acid  and  5  cc.  of  dilute  am- 
monia in  thr  rasrof  blanks)  and  follow  it  with  42">()  cc.  of  hot 
dilute  sulfurir  acid  (with  which  the  original  beaker  is  washed  in 
several  portions)  and  100  cc.  of  water.  Air  should  not  be  allow,  d 
to  enter  the  reductor  at  any  time  by  letting  all  thr  acid  or  \\ 
run  out  of  thr  funnel,  B.  Before  starting  any  analysis  a  blank 
should  l>e  run  and  the  volume  of  permanganate  required  should 
not  be  over  0.2  cc.,  MS  a  rule.  If  more  is  required  the  blank  test 
should  be  repeated. 

STANDARDIZATION  OF  PERMANGANATE  SOLUTION  BY  MEANS  OF 

IRON  WIRE 

Dissolve  about  0.2  g.  of  standard  wire  in  a  125  cc.  Erlemnryrr 
flask  containing  30  cc.  of  water  and  10  cc.  of  concent  ratrd  sulfuric 
acid.  When  the  iron  has  all  dissolved,  boil  the  solution  gently 
for  a  few  moments  in  order  to  expel  hydrocarbons.2  Pass  the 
solution  through  the  reductor,  in  the  manner  already  described, 
and  titrate  slowly  with  the  potassium  permanganate  solution. 
Duplicate  results  in  a  standardization  should  agree  within  3 
parts  in  one  thousand.  Greater  precision  is  unnecessary  in  the 
analysis  of  iron  or  steel  for  phosphorus. 

Analysis  of  Steel.  —Weigh  about  2  g.  of  borings  into  a  250  cc. 
Erlenmeyer  flask,  add  lOOcc.  of  dilute  nitric  acid  (sp.gr.  1.13)  and 

1  This  is  necessary  on  account  of  the  iron,  sulfur,  etc.,  whieh  the  sine 
contains.     An  allowance  should  be  made  for  these  impurities  when' 
/in<-  is  used  as  a  reducing  agent. 

2  Many  chemists  <>\idi/e  the  carbonaceous  matter  with  strong  perman- 
ganate, hut  this  is  hardly  neivssary  with  ginni  iron  wire  as  tin-  «-rror  is  not 
more  than  2  parts  in  one  thousand  and  this  is  far  less  than  the  error  in- 

d  in  the  determination  of  small  quantities  of  phosphorus. 
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insert  a  small  funnel  in  the  neck  of  the  flask.  Heat  until  the  sam- 
ple is  all  dissolved  mid  the  oxides  of  nitrogen  are  no  longer  visible 
in  the  flask.  Add  10  cc.  of  the  strong  permanganate  solution,  or 
more  if  necessary  to  impart  a  strong  pink  color  to  the  solution. 
Boil  until  the  pink  color  disappears  and  manganese  dioxide  is 
precipitated.  Continue  boiling  for  several  minutes,  then  remove 
from  the  source  of  heat  and  add  a  few  drops  of  sulfurous  acid.  ;i 
small  crystal  of  ferrous  sulfate,  or  a  solution  of  0.5  g.  sodium 
thiosulfate  in  10  cc.  of  water,  and  repeat  the  addition  of  reduc- 
ing agent  at  short  intervals  until  all  the  manganese  dioxide  has 
dissolved.1  Boil  2  min.  longer  and  then  cool  by  placing  the 
flask  in  cold  water  or  by  allowing  it  to  stand  in  the  air  until  it 
feels  cool  to  the  hand.  Add  carefully  40  cc.  of  dilute  ammonia 
and  rotate  the  flask  until  the  precipitated  ferric  hydroxide  all  dis- 
solves and  a  pale  yellow  solution  is  obtained.  When  the  solution 
is  at  about  35°,  add  40  cc.  of  ammonium  molybdate  solution,  close 
the  flask  with  a  rubber  stopper  and  shake  for  5  min.  Allow 
the  precipitate  to  settle  for  a  few  minutes  and  filter.  Wash  the 
precipitate  several  times  by  decantation  and  then  on  the  filter 
with  acid  ammonium  sulfate  solution  until  2 or  3  cc.  of  thefilt  rate 
give  no  reaction  for  molybdenum  when  tested  with  yellow  ammo- 
nium sulfide.  It  is  best  to  compare  the  test  with  a  blank  made 
by  adding  some  of  the  wash  liquid  itself  to  a  drop  of  yellow  ammo- 
nium sulphide  solution.  When  iron  is  present  a  black  precipi- 
tate is  obtained  while  the  test  solution  is  still  ammoniacal,  but 
with  molybdenum  the  brown  sulfide  will  not  form  until  enough 
acid  ammonium  sulfate  solution  has  been  added  to  make  tin- 
test  acid. 

Dissolve  any  of  the  precipitate  remaining  in  the  flask  by  means 
of  5  cc.  of  strong  ammonia  diluted  with  20  cc.  of  water,  and  pour 
this  through  the  filter.  Wash  out' the  flask  and  the  filter  until 
the  volume  of  t  he  solut  ion  amounts  to  60  or  75  cc.  Add  10  cc.  of 
concentrated  sulfunY  acid  and  pass  through  the  Jones  reductor. 
The  solution  is  preceded  and  followed  by  the  same  quantities 
of  dilute  sulfuric  acid  and  water  as  in  running  a  blank  or  a  stand- 
ardi/aiion.  By  adding  the  strong  sulfuric  acid  to  theammoniacal 
solution,  the  latter  is  heated  enough  so  that  the  molybdenum  is 

1  If  there  is  considerable   residue   :it    this   point  the  solution  must  be 

filtered. 
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reduced  readily  by  I  lie  amalgamated  /inc.  Tho  solution  as  it 
throuuh  tin-  redurtor  should  be  bright  green  in  color. 
Titrate  with  the  standard  permanganate  solution,  avoiding  much 
shaking,  until  the  permanganate  color  persists  for  1  mill. 
\Vhile  adding  the  permanganate,  the  green  color  disapp.  ai  ...  and 
the  solution  become!  brown,  pinkish  yellow  and  finally  colorless 
before  the  end  point  is  reached. 

Computation.  —  Tin-amalgamated  zinc  reduces  t  he  molybdenum 
from  the  hexavalent  to  the  trivalent  condition.  The  reaction 
may  he  represented  by  the  following  equation: 

2MoO3  +  3Zn  +  GH2SO4  -  Mo,(SC>4)i  +  3ZnSO4  +  6H,O 

There  is,  however,  a  slight  oxidation  by  the  air  in  the  flask,  so 

that    correct    results   are   obtained    by   assuming   a    reduction    to 
Mo24();j7  and  subsequent  oxidation  to  MoO3.     \Ve  have,  therefore, 

Mo24O37  +  35O  =  24MoO, 
IP  =  12MoO3  =  35H 

1  cc.  of  N.KMnO4  solution  =  5!  =  0.0008857  g.  P 

00 

If  1  cc.  of  KMnO4  solution  will  oxidize  a  g.  of  iron  or  b  g.  of 

pure   sodium   oxalate,    then 


KMn°«  =       x  a  or 


l;rom  the  actual  burette  readings,  the  volume  of  |M«nnanganate 
re(|iiired  for  the  blank  must  be  deducted  in  both  the  analyst  and 
in  the  standardixation. 

(0)  FERRIC  ALUM  MODIFICATION 

Proceed  exactly  as  in  the  preceding  method  up  to  the  point 
of  passing  the  sulfuric  acid  solution  through  the  reductor.  In- 
stead of  passing  the  reduced  solution  into  an  empty  flask,  place 
in  the  flask  about  50  cc.  of  ferric  alum  solution1  and  make  sure 
that  the  tube  from  the  reductor  passes  into  the  solution.  In  all 

1  Dissolve  100  g.  of  Fe2(SO4)j,  (Ml.  9  >  .  24H»O  in  1  liter  of  water  nml 
25  cc.  of  coiicrntnitcd  II..SO,  :m(l  .-itUl  40  cc.  of  sirupy  Hal'O*.  Tin* 
amount  of  ferric  alum  solution  u-rd  should  !M>  sutliricnt  to  n-art  with  all 
the  iv.liiiv.l  inolyhdciiuiii.  Blanks  should  he  run,  with  the  same  volume  of 

ferric  alum  in  t  he  \\-.\-k. 
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other  respects  the  two  methods  are  identical.  There  is  now 
no  oxidation  of  the  trivalent  molybdenum  by  air  in  the  flask 
but  it  is  converted  back  to  the  hexavalent  condition  by  menus  of 
the  ferric  salt  and  an  equivalent  amount  of  the  latter  is  reduced 
to  ferrous  salt.  In  this  case,  therefore,  the  ferrous  iron  is  really 
tit  rated  by  the  permanganate  but  the  volume  of  reagent  required 
corresponds  to  the  amount  necessary  to  convert  Mo2O3  to  MoO3. 
The  computation  is  the  same  as  before  except  that  IP  =  36H. 

(7)  ALKALIMETRIC  METHOD 

This  method  proposed  by  Hundeshagen  and  also  by  Manby  was 
subsequently  modified  by  J.  O.  Handy.  It  depends  upon  the 
fact  that  ammonium  phosphomolybdate  can  be  dissolved  in  a 
known  volume  of  standard  alkali  solution  and  the  excess  of  the 
latter  determined  by  titration  with  tenth-normal  sodium  hy- 
droxide using  phenolphthalein  as  an  indicator. 

Procedure. — Obtain  the  precipitate  of  ammonium  phospho- 
molybdate exactly  as  in  the  volumetric  methods  already  described 
and  wash  the  precipitate  with  1  per  cent,  nitric  acid  until  free 
from  iron  and  with  1  per  cent,  potassium  nitrate  solution  till  free 
from  acid.  Transfer  the  filter  and  precipitate  back  to  the  Erlen- 
meyer  flask  in  which  the  precipitation  took  place,  cover  with  an 
excess  of  tenth-normal  sodium  hydroxide  solution,  stir  until  all 
the  precipitate  has  dissolved  and  then  titrate  with  tenth-normal 
nitric  acid  using  phenolphthalein  as  indicator. 

Computation. — The  reaction  that  represents  the  solution  of 
ammonium  phosphomolybdate  in  sodium  hydroxide  is 

2[(NH4)3PO4.12MoO3]  +  46NaOH  =  2(NH1)2HPO4 

+  (NH4)2MoO4  +  23Na2MoO4  +  22H2O. 

The  diammonium  sulfate  is  neutral  to  phenolphthalein.  From 
the  above  equation  it  is  evident  that  1  atom  of  phosphorus  is 
equivalent  to  23  molecules  of  sodium  hydroxide,  or  1  cc.  of  tent  h- 
nonnal  NaOH  =  0.0001348  g.  P.  If  the  solutions  of  sodium 
hydroxide  and  of  nitric  acid  are  each  exactly  tenth-normal,  and 
7'ee.  of  the  former  with  /  CC.  of  the  latter  \veiv  used  in  the  analy- 
sis of  a  sample  of  steel  weighing  2  g.,  then 
(T  -  0  X  0.01348 

=    per  cent,  P 
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ll  i-  well  to  standardi/e  I  he  sodium  hy<  IK  >\i.  le  -  .lilt  i<  >n  auain-t 
a  known  weiuht  of  I  he  yellow  precipitate  containing  1.G4  per 
cent.  P.  By  weighing  out  exactly  'J.7O  u.  of  >teel, 


T-t 

loo 


'  '  per   rent.    P 


(d)  WEK;III\'.  i  in    I'UOSIMIMKI  s  AS  M  .\<;\KsirM  PYHOI-HO-PHATE 

(a)  THE  ACETATE  METHOD  OF  A.  A.  BLAIR  (MODIFIED).— 

Dissolve  5  g.  of  borings  in  80  cc.  of  nitric  acid  (sp.  gr.  1.2)  ami 
when  the  reaction  begins  to  slacken  add  10  cc.  of  strong  hy- 
drochloric acid.  Evaporate  to  dryiicss  and  bake  until  tin- 
nitrates  are  decomposed  in  order  to  oxidi/e  all  the  phosphorus 
to  phosphoric  acid.  Cool,  add  30  cc.  of  concent  rat  eel  hydro- 
chloric acid,  heat  until  the  ferric  oxide  has  all  dissolved  and 
again  evaporate  to  dry  ness  but  without  baking  the  residue. 
Cool,  dissolve  in  :*0  cc.  strong  hydrochloric  acid,  dilute  and 
filter  otV  the  silica  (cf.  p.  170). 

I  )ilute  the  filtrate  from  the  silica  to  about  400  cc.  and  add  am- 
monia until  a  slight  permanent  precipitate  of  ferric  hydroxide 
is  formed.  Add  200  cc.  of  a  saturated  aqueous  solution  of  sulfur 
dioxide  and  slowly  heat  to  boiling.  The  precipitate  soon  dis- 
solves and  the  liquid  assumes  a  dark  reddish-brown  color,  which, 
on  further  heating,  becomes  light  green  or  nearly  colorless.  As 
soon  as  this  point  is  reached,  add  10  to  20  cc.  of  concentrated 
hydrochloric  acid  and  introduce  carbon  dioxide  gas  until  the 
excess  of  sulfur  dioxide  is  expelled.  Cool  the  solution  by  placing 
the  beaker  in  cold  water,  add  1  or  2  cc.  of  chlorine  or  bromine 
water  to  oxidize  a  little  of  the  iron,  and  ammonia  very  care- 
fully, with  constant  stirring,  until  the  greenish  precipitate  of 
ferrous-ferric  hydroxide  dissolves  with  difficulty.  Continue  the 
addiiion  of  ammonia,  drop  by  drop,  until  a  distinct  brown  pre- 
cipitate is  formed  which  becomes  t:reen  on  stirring.  If.  before 
this  occurs,  the  precipitate  does  not  appear  decidedly  red  in 
color,  dissolve  it  with  a  drop  or  two  of  hydrochloric  acid,  add  a 
little  more  chlorine  or  bromine  water  and  repeat  the  addition  of 
ammonia  until  a  reddish-brown  precipitate  is  obtained  and  then 
the  green  coloration.  Ferric  phosphate  being  white,  the  forma- 
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tion  of  a  red  precipitate  shows  that  there  are  more  ferric  ions 
present  than  are  required  to  unite  with  all  the  phosphoric  acid. 
Now  add  enough  acetic  acid  (sp.  gr.  1.04),  drop  by  drop,  until 
the  green  part  of  the  precipitate  redissolves  leaving  a  reddish 
precipitate  behind,  add  about  1  cc.  of  acetic  acid  more,  heat 
to  boiling  and  keep  at  this  temperature  for  1  min.  All  the 
phosphorus  is  then  precipitated  as  ferric  phosphate  and  some  of 
the  iron  is  precipitated  as  basic  ferric  acetate,  but  the  greater 
part  of  the  iron  remains  in  solution  in  the  ferrous  state.  Filter 
through  a  large  filter  and  wash  the  precipitate  once  with  hot 
water.  The  nitrate  is  at  first  clear,  but  becomes  turbid  on  stand- 
ing in  the  air,  owing  to  oxidation  of  the  ferrous  ions. 

Dissolve  the  precipitate  adhering  to  the  sides  of  the  beaker  by 
wanning  it  with  about  15  cc.  of  hydrochloric  acid  (1  vol.  cone, 
acid :  1  vol.  water)  and  add  10  cc.  of  bromine  water.  If  necessary, 
add  a  few  drops  more  of  concentrated  hydrochloric  acid  to 
complete  the  solution  of  the  precipitate.  Pour  the  acid  solution 
through  the  filter  and  catch  the  filtrate  in  a  small  beaker. 
Wash  the  filter  well  with  hot  water  and  evaporate  the  solution 
nearly  to  dryness  to  expel  the  excess  of  hydrochloric  acid.  Add 
a  filtered  solution  of  5  or  10  g.  of  citric  acid  dissolved  in  10  or 
20  cc.  of  water,  also  10  cc.  of  magnesia  mixture1  and  enough 
ammonia  to  make  the  solution  faintly  alkaline.  When  perfectly 
cold,  add  one-half  the  liquid's  volume  of  strong  ammonia  and  stir 
well.  After  standing  12  hr.,  filter  off  the  precipitate  of  magne- 
sium ammonium  phosphate  and  wash  it  with  2.5  per  cent,  am 
monia  containing  2.5  g.  of  ammonium  nitrate  in  100  cc.  Dis- 
solve the  precipitate  in  hydrochloric  acid,  evaporate  to  dryness 
to  remove  silica  obtained  from  the  reagents  and  the  glass,  moisten 
the  residue  with  a  little  hydrochloric  acid,  take  up  with  a  little 
waterand  filter  through  asmall  filter.  To  the  filtrate,  which  should 
not  l>e  over  20  cc.  at  the  most,  add  1  cc.  of  the  50  per  cent,  citric 
acid  solution,  2  drops  of  magnesia  mixture  and  reprecipitate  the 
phosphorus  in  the  same  way  as  before.  In  this  way  a  precipitate 
is  obtained  which  yields  pure  mamiesium  pyrophosphate  irfv>n 
ignition. 

1  Dis  n.  MgCh.GHaO,  und  70  g.  N  H  ,(  '1  in  water  containing  ft  little 

hydrochloric  acid,  add  2~tO  cc.  of  ammonia  (sp.  ^r.  ().%),  and  dilute  to  1 
liter.  Filter  after  tin-  solution  has  stood  several  days. 
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Computation.     If  />  is  tin'  weight  of  ignited  precipitate,  ami  * 

the   weight    of  -ample   taken,    thru 


2P        KM)      27.87p 

S 


RK.MAKKS.  Mlair  recommends  the  use  of  ammonium  bisulfite 
instead  of  sulfurous  acid  for  the  reduction  of  the  ferric  salt. 
Commercial  ammonium  bisulfite  >«.  m<  -times  contains  phosphoric 
acid  so  that  it  seems  safer  to  ivconmiend  sulfurous  ariil  itself. 
Again,  Blair  surest  s  that  hydrogen  sulfide  l>c  passed  into  the 
solution  after  the  excess  of  sulfur  dioxide  has  Keen  removed,  in 
order  to  precipitate  any  arsenic  as  tho  trisulfide.  I'nless  tin-  i* 
done  some  arsenic  is  likely  to  he  precipitated  with  the  phosphorus. 
The  filtrate  from  the  hydrogen  sulfide  precipitation  is  heated  to 
boiling,  the  excess  of  hydrogen  sulfide  expelled  by  means  of  a 
stream  of  carbon  dioxide,  and  the  solution  then  partly  oxidi/ed 
as  described  above. 

If  the  material  analy/ed  contains  titanium,  a  compound  con- 
taining titanic  acid,  ferric  oxide  and  phosphoric  acid  is  present  in 
the  insoluble  residue  obtained  after  evaporating  the  original  solu- 
tion to  dryness.  This  residue  should  be  filtered  off,  ignited  and 
treated  with  sulfurie  and  hydrofluoric  acids  to  remove  the  silica. 
After  evaporating  off  the  excess  of  sulfurie  acid,  fuse  the  residue 
with  sodium  carbonate  and  ext-ract  the  fused  mass  with  v. 
Acidify  the  aqueous  solution  with  hydrochloric  acid  and  add  it  to 
the  main  solution. 

Another  difficulty  that  is  likely  to  be  encountered  when  ti- 
tanium is  present,  is  the  formation  of  the  above-mentioned  insol- 
uble compound  when  the  solution  obtained  by  dissolving  the 
acetate  preeipitate  is  being  concentrated.  To  avoid  this,  the 
evaporation  must  he  watched  carefully  and  citric  acid  added 
as  soon  as  any  titanic  acid  lx»gins  to  separate. 

*  (0)  THE  MOLYBDATE  METHOD 

Dissolve  the  sample  as  in  the  last  method  and  continue  the 
treatment  up  to  the  removal  of  the  silica.  Evaporate  the  filtrate 
from  the  silica  to  dryness  in  a  porcelain  dish  and  dissolve  the 
residue  in  as  little  nitric  acid  as  possible. 


238  ANALYSIS  OF  IRON  AND  STEEL 

Obtain  the  precipitate  of  ammonium  phosphomolybdate  as 
described  on  p.  228  and  dissolve  the  precipitate  in  as  little 
dilute  ammonia  as  possible.  Use,  for  this  purpose,  a  solution  of 
25  cc.  of  ammonia  (sp.  gr.  0.96),  diluted  to  100  cc.  If  theammoni- 
acal  solution  thus  obtained  is  not  perfectly  clear,  filter  it  through 
a  small  filter  and  wash  with  the  same  dilute  ammonia.  Add 
strong  hydrochloric  acid  until  a  slight  permanent  precipitate  of 
ammonium  phosphomolybdate  is  obtained  and  dissolve  this  with 
a  little  ammonia.  If  the  volume  of  the  solution  is  now  more  than 
about  40  cc.  concentrate  it  by  evaporation.  Then  add  magnesia 
mixture1  drop  by  drop  as  long  as  a  precipitate  forms  and  about  2 
cc.  in  excess.  Add  10  to  15  cc.  of  ammonia  (sp.  gr.  0.96),  stir 
vigorously  and  allow  the  liquid  to  stand  from  4  to 6  hr.  Filter 
through  a  small  filter  and  wash  with  2.5  per  cent,  ammonia  until 
free  from  chloride.  Ignite  carefully  and  weigh  as  magnesium 
pyrophosphate. 

The  computation  is  the  same  as  in  the  previous  method. 

REMAIIK. — It  has  been  shown  repeatedly  by  many  investiga- 
tors that  the  results  obtained  under  favorable  conditions  by  weigh- 
ing the  ammonium  phosphomolybdate  precipitate,  or  by  tit  rat  ing 
it,  are  fully  as  accurate  as  those  obtained  by  weighing  the  phos- 
phorus as  magnesium  pyrophosphate,  according  to  either  of  the 
last  two  methods.  The  ammonium  phosphomolybdate  precipi- 
tate contains  such  a  small  percentage  of  phosphorus  that  a  slight 
error  in  weighing  it,  or  indetermining  themolybdenum  content  by 
titration,  has  but  littleeffect  upon  the  result.  On  theother  hand, 
in  the  determination  of  phosphorus  in  steel  as  magnesium  pyro- 
phosphate, the  weight  of  the  final  precipitate  is  so  small  and  the 
percentage  of  phosphorus  in  it  so  high  that  the  unavoidable 
analytical  errors  such  as  arise  from  impure  reagents  and  the  action 
of  them  upon  ^lass  are  certain  to  affect  the  result. 

An  error  of  0.004  per  cent,  in  the  estimated  phosphorus  content 
of  a  sample  of  steel  would  correspond  to  an  error  of  0.0121  g.  of 
ammonium  phosphomolybdate  on  a  5  g.  sample  of  steel  hut 
only  to  an  error  of  0.0008  jr.,  if  writhed  as  maunesium  pyrophos- 
phate.  Such  an  error  is  probable  in  the  latter  case,  but  not  in  the 
former.  If.  however,  the  conditions  are  not  riidit  for  a  normal 
precipitation  of  ammonium  phosphomolybdate,  an  excess  of 

1  cf.  p.  2:i6. 


PH08PHOR( 

molybdic  arid,  sin-li  U  i-  lik«-lv  to  I..-  prettnl  if  tin1  solution  : 
IK. i  «»r  if  it  stands  too  long  befon-  filtering,  will  have  no  effect  upon 
(lie    subsequent     determination    as    magnesium    pyrophofiphah- 
For  this  reason,  it  is  well  to  have  such  methods  M  tiMM  last  two 
for  checking  up  the  results  obtained  by  tin-  more  rapid  m.-ih«MN 
and  for  use  when  the  precipitate  of  ummuiiium  phosphoniolybdate 
is  abnormally  lar 

2.  DETERMINATION  OF  PHOSPHORUS  IN  MATERIALS 
INSOLUBLE  IN   NITRIC  ACID 

(Ferrosilicon,  Iron  Phosphide,  etc.,  and  Alloy  Steels) 

Materials  insoluble  in  nitric  acid  are  attacked  best  by  ignition 
with  a  mixture  of  sodium  carbonate  and  magnesia  as  described  in 
the  determination  of  silicon  (p.  178).  Ignite  from  1  to  ii  g.  of  the 
finely  pulverized  material  with  0  to  8  times  as  much  of  the  sodium 
carbonate-magnesia  mixture  (2:1). 

After  the  ignition,  dissolve  the  mass  in  hydrochloric  acid 
and  remove  the  silica  in  the  usual  manner.  After  volatilizing 
the  silica  as  silicon  tetrafluoride  by  treatment  with  sulfurie  and 
hydrofluoric  acids,  fuse  the  residue  with  sodium  carbonate, 
dissolve  the  product  of  the  fusion  in  hydrochloric  acid  and  ex- 
amine the  solution  for  phosphoric  acid.  Concentrate  the  filtrate 
from  t  he  silica  precipitation  (or  an  aliquot  part  of  it  if  much  phos- 
phorus is  present )  as  described  on  p.  225  and  determine  the  phos- 
phorus as  ammonium  phosphomolybdatr. 

Carry  out  a  blank  determination  with  the  reagents  used  and 
deduct  the  weight  of  ammonium  phosphomolybdate  thus  obtained 
from  that  obtained  in  the  regular  analysis. 

In  determining  the  phosphorus  content  of  ferrotitauium  and  of 
metallic  titanium,  wash  thoroughly  with  cold  water  the  product 
of  t  he  ignition  with  sodium  carbonate  and  magnesia,  filter  off  the 
insoluble  residue  and  fuse  it  with  sodium  carbonate  to  obtain  any 
residual  phosphorus.  Extract  this  second  melt  with  cold  water 
and  add  the  solution  to  that  previously  obtained;  the  residue  will 
contain  all  the  titanium  as  sodium  titanate.1  Acidify  the  aque- 
ous extract  with  hydrochloric  acid,  evaporate  to  dry  ness  in  order 

1  The  residue  is  not  pure  sodium  titanatr  as  this  is  hvdrulyzcd  to  form  an 
insoluble  acid  titanate,  i.e.,  a  compound  containing  a  high  TiOj  content. 
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to  remove  the  silica  and  then  determine  the  phosphorus  in  the 
filtrate  by  precipitation  with  ammonium  molybdate. 

3.  DETERMINATION  OF  PHOSPHORUS  IN  MATERIALS 
CONTAINING  ARSENIC 

(Hydrobromic  Add  Method) 

Influence  of  Arsenic  upon  the  Precipitation  of  Phosphorus.— 
The  statements  in  the  literature  concerning  the  effect  of  arsenic 
upon  the  determination  of  phosphorus  in  iron  and  steel  are  con- 
flicting. Ledebur  states  that  an  arsenic  content  of  less  than  0.1 
per  cent,  has  no  effect  upon  the  determination  but  cites  values 
which  are  20  per  cent,  too  high  in  the  case  of  ingot  iron  containing 
0.37  per  cent,  arsenic.  On  the  other  hand,  Frank  and  Hinrichsen1 
state  that  the  Finkener  method  for  determining  phosphorus  gives 
values  ranging  up  to  0.015  per  cent,  in  excess  of  the  truth  when 
the  arsenic  content  is  about  0.05  per  cent.  Cast  iron  and  ingot 
iron  frequently  contain  this  amount  of  arsenic  so  that  it  would 
seem  advisable  to  take  the  effect  of  arsenic  into  consideration. 
To  make  sure  that  the  precipitate  of  ammonium  phosphomolyb- 
date  contains  none  of  the  corresponding  arsenic  compound  the 
best  way  is  to  remove  the  arsenic  from  the  solution.  Various 
methods  of  accomplishing  this  have  been  proposed  but  the  hy- 
drobromic  acid  method  to  be  described  accomplishes  this  nm>t 
simply  and  the  use  of  the  method  is  recommended  in  all  cases 
where  an  accurate  determination  of  phosphorus  is  desired  in  the 
possible  presence  of  arsenic. 

Principle.  —  If  a  solution  containing  arsenic  acid,  phosphoric 
acid  and  ferric  chloride  is  treated  with  pure  hydrobromir  acid 
(sp.  gr.  1.419)  and  evaporated  on  the  steam  bath,  then,  as  Rot  he 
showed,  all  of  the  arsenic  acid  is  volatilized,  probably  as  arsenic 
tribromide,  and  there  is  no  loss  of  phosphoric  acid.  Since*  ferric 
bromide  does  not  interfere  with  the  precipitation  of  ammonium 
phosphomolybdate  it  is  evident  that  the  determination  of  the  phos- 
phorus can  be  made  in  the  solution  freed  from  arsenic  by  the  Fink- 
ener method,  described  on  p.  224. 

Commercial  liydrobrnimV  acid  almost   always  contains  a  little 


1  Stah!  u.  Kisrn.  28,  2'.»:.  bo  Campbell.  .1.  Anal,  and  Appl,  Chrm. 

1893,  8, 
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phosphoric  and  M  impurity.  If  there  is  only  little  of  it  present, 
the  <imple>i  \\a\  i-  h .  carry  nut  a  blank  phosphorus  determina- 
tinu  using  th»-  same  quantities  <.f  reagents  JLS  in  tin-  analysis 
pmpt T,  ami  make  a  deductinn  from  the  results  ol>tainc<|  in  the 
analysis.  If,  hnuever.  there  i-  much  phosphoric  acid  present 
in  the  hydrnhmmic  acid,  it  mu-t  l»e  puritie«l  by  di<t  illing  it. 

Procedure.  — l)i  .  g.  of  the  iron  or  >?<•«•!   in  nitric  acid 

(sp.  gr.  1.2),  and  treat  the  solution  exactly  as  in  the  Finkener 
method.  'I'o  the  hydrnehlnrie  acid  filtrate  from  the  silica  pre- 
cipitate, or  to  an  aliquot  part  of  it  when  considerable  phn-- 
phortis  is  present,  add  10  to  20  cc.  of  pure  hydrobromie  acid 
gr.  l.H!»  containing  about  -IS  per  cent.  HBr  by  weight)  and 
evaporate  to  dry  ness  on  the  steam  hath. 

The  hydroltromic  acid  should  not  he  added  to  a  very  con- 
centrated solution  of  ferric  chloride  on  account  of  the  danger  of 
lo-s  hy  spattering. 

The  residue  obtained  after  evaporation  is  dark  red:  dissolve  it 
in  :i  little  hydrochloric  acid  and  rinse  the  solution  into  a  beaker  of 
150  to250cc.  capacity.  Remove  t  he  excess  of  free  acid  by  evapo- 
ration and  continue  the  analysis  as  in  the  Finkener  method, 
weighing  the  phosphorus  as  ammonium  phosphomolybdate. 

6.   DETERMINATION    OF  PHOSPHORUS  IN    MATERIALS 
CONTAINING  TUNGSTEN 

Principle. — Hinrichsen1  has  shown  that  when  tungsten  is  pres- 
ent and  the  determination  of  phosphorus  is  carried  out  by  the 
Finkener  method,  the  ammonium  phosphomolybdate  precipitate 
contains  tungsten.  He  finds  that  if  the  precipitate  is  dissolved  in 
ammonia  and  the  ammoniacal  solution  treated  with  magnesia 
mixture  while  hot,  according  to  the  method  of  .Jorgensen,* 
that  the  resulting  precipitate  does  not  contain  tungsten.  If 
the  precipitation  takes  place  in  the  cold,  however,  tungsten  i- 
present  in  the  magnesium  ammonium  phosphate. 

Reagent  Required. — Jorgensen  recommends  that  the  magnesia 
mixture  be  prepared  from  50  g.  of  crystallized  magnesium  chloride 
(MgCl2.6H20)  and  150  g.  of  ammonium  chloride  per  liter. 

Procedure. — Dissolve  5  g.  of  the  sample  in  nitric  acid  (sp. 

1  Mitt.  kgl.  M:itrrialpriifmiKs:imt  28,  229  (1910). 
2Z.  aiml.  Chcin.,  46,  273  (1900). 
16 
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gr.  1.20),  evaporate  the  solution  to  dryness,  and  decompose  the 
nitrates  by  ignition.  Cool,  moisten  with  concentrated  hydro- 
chloric acid,  and  warm  with  the  addition  of  more  hydrochloric 
acid  until  the  iron  is  all  in  solution.  Evaporate  to  dryness  again 
and  render  the  silica  and  tungsten  insoluble  by  heating  to  135° 
until  no  more  vapors  of  hydrochloric  acid  are  evolved.  Cool,  dis- 
solve in  as  little  strong  hydrochloric  acid  as  possible  and  evapo- 
rate off  as  much  of  the  excess  acid  as  can  be  accomplished  without 
causing  the  deposition  of  solid  ferric  salt.  Allow  to  stand  some 
time,  and  then  add  dilute  hydrochloric  acid  and  filter. 

Wash  the  residue  with  dilute  hydrochloric  acid  until  the  iron 
is  nearly  all  removed  and  finish  washing  with  dilute  acid  ammo- 
nium nitrate  solution,  such  as  is  used  for  washing  the  ammonium 
phosphomolybdate  precipitate  (cf.  p.  224);  this  serves  to  prevent 
tungstic  acid  from  forming  a  colloidal  solution  and  passing 
through  the  filter. 

Ignite  the  residue  and  volatilize  the  silica  in  it  by  treatment 
with  sulfuric  and  hydrofluoric  acids.  Fuse  with  sodium  carbon- 
ate, extract  the  melt  with  water  and  treat  the  hot  solution  with 
magnesia  mixture  as  in  the  main  solution.  In  this  way  the  small 
amount  of  phosphoric  acid  is  recovered  that  is  deposited  with  the 
silica  and  tungstic  acid. 

The  filtrate  from  the  silica  precipitate  contains  most  of  the 
phosphorus;  it  may  also  contain  a  little  colloidal  tungstic  acid. 
Evaporate  the  solution  (in  a  150  or  250  cc.  beaker)  as  far  as  pos- 
sible without  separation  of  solid,  and  precipitate  the  phosphoric 
acid  by  ammonium  molybdate  as  described  on  p. 225.  Filter 
and  wash  with  acid  ammonium  nitrate  solution. 

Dissolve  the  precipitate  in  a  very  little  2.5  per  cent,  am- 
monia, receiving  the  filtrate  in  a  150  cc.  beaker.  Usually  it  is 
possible  to  keep  the  volume  of  solution  down  to  20  cc.  Cover 
the  beaker  with  a  watch-glass  and  heat  until  t  he  solution  begins  to 
boil.  Add  neutral  magnesia  mixture,  drop  by  drop,  as  long  Bfl  any 
precipitate  forms  and  1  or  2  cc.  in  excess.  A  flocculent  precipitate 
first  forms  which  soon  becomes  more  compact  and  crystalline. 

Stir  the  solution  frequently  as  it  cools  and  allow  it  to  stand  at 
least  4  hr.  before  filtering.  \Vasli  the  precipitate  with  2..")  per 
cent,  ammonia  (1  vol.  ammoni  i,  sp.  gr.  0.96,  and  3  vol.  water) 
and  ignite  it  in  a  weighed  crucible. 


•_•}.; 

If  then-  is  only  a  >liuht  precipitate  <.f  maum-nim  ammonium 
phosphate  it  is  Letter  to  dissolve  n  in  nitric  arid  (sp.  gr.  1.2)  ami 
precipitate  a^ain  with  mol\  I  >date  solution,  adding  enough  -nlid 
ammonium  nitrate  so  that  the  solution  contains  2?>  |x*r  rent,  of  it. 
\\  «  iiih  this  precipitate  .-is  described  on  p.  227. 

6.  DETERMINATION   OF  PHOSPHORUS  IN   MATERIALS 
CONTAINING  VANADIUM 


and  Ferrovanadium) 

Principle.  In  precipitating  phosphoric  acid  in  tin-  presence  of 
vanadic  aeid.  t  he  aininoniuni  phosphoniolyhdate  precipitate  is  not 
a  pure  yellow  l>ut  has  an  orange-red  shade  owing  to  presence  of 
vanadium.  It  is  not  possible  t<>  remove  the  vanadium  l»y  the 
method  which  is  applicable  when  tungsten  is  present  for  the 
vanadium  follows  the  phosphorus  in  every  precipitation.  On  the 
other  hand,  the  vanadium  may  l>e  precipitated  quantitatively 
from  the  ammoniacal  solution  of  the  yellow  precipitate  by  the 
addition  of  ammonium  chloride.  The  phosphorus  and  molyb- 
denum remain  in  solution. 

After  the  removal  of  the  ammonium  vanadate,  the  phosphoric 
acid  may  be  determined  in  t  he  usual  manner. 

Procedure.  —  Dissolve  from  5  to  10  g.  of  the  sample  in  nitric 
arid  (sp.  gr.  1.2)  and  remove  the  silicon  as  descrilxxl  on  p.  200. 
In  the  filtrate  from  the  silica,  precipitate  t  he  phosphorus  according 
to  p.  224  and  filter  off  the  ormge  tinted  precipitate.  Wash 
thoroughly  with  acid  ammonium  nitrate  solution,  dissolve  the 
precipitate  in  ammonia,  receiving  the  solution  in  a  150  cc. 
beaker,  and  concentrate  the  solution  to  about  20  cc. 

During  the  evaporation  of  the  solution,  add  a  drop  of  ammonia 
from  time  to  time;  if  the  solution  turns  yellow  the  ammonia 
should  make  it  colorless  again.1  To  the  cold,  slightly  ammoni- 
acal solution  add  f>  or  (>  g.  of  solid  ammonium  chloride  and  stir 
vigorously  so  that  the  solution  quickly  becomes  saturated  with 

1  If,  besides  the  vanadium,  tungsten  is  also  present,  it  must  !>«•  n  •• 
with  the  silica,  according  to  p.  242.     Otherwise  some  of  the  tuim-t: 
will  remain  in  the  solution  and  cause  ditliculty.      The  pn-senee  of  tunc-tni 
trioxide  in  the  pliosjihomolyhdatr  precipitate  is  shown  l>y  the  fuel  that  the 
ammoniacal  solution  of  the  precipitate  is  not  colorless  luit  yellowish  groon. 
I-Vom  such  a  solution   the  vanadium  cannot   he  precipitated  t»atiaf  act  only 
by  means  of  ammonium  chloride. 
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the  salt.  If  the  quantity  of  vanadium  present  is  not  too  small, 
the  solution  will  become  turbid  as  the  ammonium  chloride  dis- 
solves and  a  fine,  flocculent  precipitate  of  ammonium  metavana- 
date  will  separate  out;  the  precipitation  is  complete  after  about 
6hr. 

Filter  off  the  precipitate  and  wash  it  with  a  saturated  solution  of 
ammonium  chloride  (250  g.  to  the  liter)  until  a  little  of  the  filtrate 
gives  no  test  for  molybdenum. 

Slightly  acidify  the  filtrate  with  dilute  nitric  acid  and  add  a 
little  more  ammonium  molybdate.  Owing  to  the  large  amount  of 
ammonium  chloride  present,  the  ammonium  phosphomolybdate 
is  now  precipitated  with  an  excess  of  molybdic  acid  in  a  finely 
pulverulent  form.  Dissolve  the  precipitate  in  2.5  per  cent. 
ammonia  and  precipitate  the  phosphorus  as  magnesium  ammo- 
nium phosphate  by  the  method  of  Jorgensen  (cf.  p.  242)  weighing 
it  as  magnesium  pyrophosphate. 

TEST  ANALYSES 

1.     COMPARATIVE    RESULTS    OBTAINED     BY    WEIGHING     THE 

PHOSPHORUS  AS  AMMONIUM  PHOSPHOMOLYBDATE 

AND  AS  MAGNESIUM  PYROPHOSPHATE 

Test  1. — In  the  analysis  of  a  4-g.  sample  of  wrought  iron  the 
I  inkener  method  gave  0.108  percent.  P  and  weighing  as  magne- 
sium pyrophosphate  gave  0.107  per  cent.  P. 

Test  2. — Duplicate  determinations  by  weighing  the  molybdate 
precipitate  from  a  5-g.  sample  of  ingot  iron  low  in  phosphorus 
gave  0.0054  and  0.0055  per  cent.  P.  So  little  phosphorus  was 
present  that  no  attempt  was  made  to  weigh  it  as  magnesium 
pyrophosphate. 

Test  3. — In  the  analysis  of  ferrophosphorus,  a  half-gram  sample 
was  decomposed  by  ignition  with  Eschka  mixture.  Duplicate 
determinations  gave  24.84  and  24.89  per  cent.  P  by  weighing 
the  molybdate  precipitate  and  24.85  per  cent.  P  by  weighing  as 
magnesium  pyrophosphate. 

2.  DETERMINATION  OF  PHOSPHORUS  IN  DIFFERENT 
MATERIALS 

Test  4. — In  the  analysis  of  ferrosilicon  with  7X  per  cent.  Si,  de- 
composition  of  a  1-g.  sample  with  Kschka  mixture  and  writhing 
the  molybdenum  precipitate  ^ave  O.OiJO  and  O.Oil'J  percent.  I'- 


I'HOSI'JIUHI'X 


Test  5. — Silicomanganeae,  di-i-nmim-.-d  i,\-   i-;-riika 

a  0.5-g,  sample  and  \\viLi  hintf  the  molyhdale  pn-upit  at  e. 
showed  O.L><>:>  and  ().L>!H  per  cent.  IV 

Test  6. — Metallic  titanium,  decomposed  with  Eschka  mixture 
and  \\vitfliini:  the  molylnlate  precipitate,  gave  0.080  per  cent.  P 
\\it  h  a  1-g.  sample  and  0.087  with  a  2-g.  sample. 

Test  7. — Tungsten  steel,  after  removal  of  the  tungsten,  gave  a 
yellow  precipitate  corresponding  to  0.028  per  cent.  P  and  the 
duplicate  analysis  checked  exactly. 

Test  8. — Ferrovanadium  showed.  l>y  weighing  the  molybd.it  <• 
precipitate  and  carrying  out  the  analysis  as  in  the  absence  of 
vanadium,  0.342  and  0.341  percent.  IV  When  the  analyst  WBt 
carried  out  without  regard  to  the  vanadium,  the  results  were 
0.39  and  0.40  per  cent.  P. 


3.  COMPARATIVE  RESULTS  OBTAINED  BY  THE  MOLYBDATE  PROC- 
ESS WITH  AND  WITHOUT  THE  USE  OF  HYDROBROMIC  ACID 

The  ferric  chloride  solution  contained  2.4  g.  of  iron  in  15  cc.,  the 
arsenic  solution  contained  0.045  g.  arsenic  in  5  cc.  The  arsenic 
solution  was  free  from  phosphorus  but  25  cc.  of  the  hydrobromic 
acid  gave  a  yellow  precipitate  weighing  0.0064  and  0.0058  g.  in 
two  determinations. 

T.MII.K  00. — (a)  WITH  AMMONIUM  PHOSPHATE  Son'Tinx 


Expt. 
No. 

('lll)ic  rrlitilnrtrr.s  of  rr:i»rrlits  UHC(1 

\N  •  i^lit   of  iiiol>  Ixlalr  pr«- 
<-ipit:it<-  in  g. 

Phosphate 
solution 

Ferric 

chlori.l.- 
solution 

Arsfnic 
ari.l 
solution 

llydrohrornic 
:n-iil  >olution 

Without 

correction 

Corrected  for 
phosphorus  in 
the  bydrobromk 

nri.l 

1 

2 
3 
4 
5 
6 
7 

20 
20 
20 
20 

20 
20 
20 

15 
15 
15 
15 
15 
15 
15 

5 
5 
10 
10 
5 

25 

0.1882 
0.1932 
0.2877 
0.3920 
0.1919 
0.1929 
0.2792' 

0.1871 

25 
25 

0.1851 
0.1868 

'In  Expt.  7,  2f)  cc.  of  filming  hydrochloric  acid  were  added  instead  of  hy- 
drobromic  acid.  The  result  shows  that  this  acid  does  not  work  as  well  as 
the  hydrobroraic  acid. 
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TABLE  91. — (b)  WITH  IRON  AND  STEEL  SAMPLES 


Sample 
No 

Nature  of  the  material 

Phosphorus  determined 

without 

with 

using  hydrobromic  acid, 
per  cent. 

1 

Ingot  iron  .... 

0.025 
0.021 

0.019 
0.018 

2 

Wrought  iron  

0.148 

0.127 

3 

Cast  iron  

0.142 
0.048 
0.049 

0.126 
0.044 
0.045 

4 

Good  quality  Martin  pig  iron  .... 

0.109 

0.076 

0.110 

0.078 

5 

Siemens-Martin  steel1  

0.040 

0.028 

0.042 

0.029 

0.042 

0.029 

0.041 

0.028 

1  Each  pair  of  analyses  was  done  by  a  different  analyst, 
content  of  sample  5  was  found  to  be  0.058  per  cent. 


The  arsenic 


ACCURACY  OF  PHOSPHORUS  DETERMINATIONS  AND 
PERMISSIBLE  DEVIATIONS 

Experience  has  shown  that  by  precipitating  phosphoric  acid 
solutions  \\ithammonium  molybdate  solution,  the  precipitates 
may  be  weighed  with  an  accuracy  of  about  ±0.001  g.  Since  a 
number  of  other  substances  give  similar  precipitates  with  molyb- 
dic  acid,  or  are  carried  down  with  the  ammonium  phospho- 
molybdate,  it  is  only  possible  to  obtain  accurate  results  when 
there  are  no  disturbing  factors;  suitable  methods  for  overcoming 
difficulties  have  been  given.  Assuming  that  the  error  involved 
in  weighing  the  precipitate  is  -fO.OOl  g.,  then 


with  P  content  of 

0       to  0.03  per  cent.. . 


Permissible  Deviation 
±  0.001  per  cent. 


0.03  to  0.1  percent...  .  ±  0.002  per  cent 

01    to  0.2  percent ±  0.003  per  rent. 

0.2    to  1.0  percent ±  0.005  per  rent. 

1.0    to  2.0  percent ±0.01    percent 

2.0    to  5.0  percent ±0.02    percent. 


5.0  and  more. . 


±  0.05    per  cent. 


ARSENIC 

Arsenic  occurs  quite  commonly  in  iron  ores  and  for  this  reason 
there  is  likely  to  be  some  arsenic  in  most  samples  of  iron  and  steel; 
von  Ileis  found  in  some  cases  as  much  as  0.08  per  cent,  arsenic. 

Inasmuch  us  arsenic  tends  to  injure  the  metal,  the  knowledge 
of  the  arsenic  content  is  of  import  mice  in  judging  the  value  of  a 
given  material.  The  previous  chapter  has  shown  the  effect  of 
arsenic  on  the  determination  of  phosphorus  so  t  hat  a  knowledge  of 
the  arsenic  content  is  of  importance  to  the  chemist  in  helping  him 
to  choose  a  suitable  method  for  that  determination. 

Principle.  —  When  iron  and  steel  are  dissolved  in  nitric  acid  the 
arsenic  is  converted  into  arsenic  acid.  On  evaporating  to  dry  ness 
and  decomposing  the  nitrates  all  the  arsenic  remains  in  the  residue 
as  arsenate. 

From  the  hydrochloric  acid  solution  of  the  residue  it  is  possible 
to  distil  off  arsenic  trichloride  after  reducing  the  iron  to  the  fer- 
rous state  by  means  of  a  suitable  reducing  agent.1  One  of  the 
most  satisfactory  reducing  agents  in  this  case  is  cuprous  chlo- 
ride. The  reduction  process  can  then  be  represented  by  the  ionic 
equation 

Cu+  ••  FC-H-  +  Cu++ 


Accordingly,  56  parts  by  weight  of  iron  require  !W  parts  by 
weight  of  cuprous  chloride. 

Procedure.  —  Dissolve  10  to  12  g.  of  the  iron  or  steel  in  a  500  cc. 
round-bottomed  flask  by  the  gradual  addition  of  nitric  acid  (sp. 
gr.  1.2),  and  heating  over  the  Bunsen  flame.  Evaporate  to  dry- 
ness  (cf.  p.  200)  and  heat  the  residue  until  no  more  nitrous  fumes 
are  evolved.  Cool  and  dissolve  the  residue  in  80  to  100  cc.  of 
concentrated  hydrochloric  acid,  warming  very  gently  and  rotat- 

1  Some  reducing  agents,  e.g.,  stannous  chloride  and  sodium  hypophos- 
phitr.  reduce  some  of  the  arsenic  to  the  metallic  condition  and  others,  c.g.r 
zinc  and  iron,  reduce  it  toar>ine.  Asll  .  Frrn>u>  salts  reduce  quinqucvalent 
arsenic  to  the  trivalent  state. 
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ing  the  liquid  about  in  the  flask.  The  liquid  must  not  be  heated 
to  boiling  as  there  is  a  chance  of  some  arsenic  being  lost  thereby. 
For  each  10  g.  of  sample,  add  18  g.  of  pure,  arsenic-free  cuprous 
chloride  to  the  distilling  flask,  Fig.  126,  pour  upon  it  the  hydro- 
chloric acid  solution  of  the  sample  and  wash  out  the  contents  of 
the  original  flask  with  hydrochloric  acid  (sp.  gr.  1.12).  With  the 

apparatus  all  in  place,  heat  the  contents 
of  the  distilling  flask  to  boiling  and  catch 
the  distillate  in  a  500-600  cc.  beaker. 
When  only  about  50  cc.  of  liquid  remain 
in  the  flask,  stop  heating,  add  50  cc.  of 
concentrated  hydrochloric  acid  (sp.  gr. 
1.2)  and  carefully  distil  again.  Tli 
two  distillations  are  sufficient  to  vola- 
tilize all  the  arsenic  as  trichloride. 

Dilute  the  strongly  acid  distillate  with 
an  equal  volume  of  water,  saturate  it 
with  hydrogen  sulphide  and  allow  the 
beaker  to  stand  over  night  under  a  bell 
jar. 

Filter  off  the  precipitate  of  arsenic  tri- 
sulphide  through  a  small,  well-running 
filter  and  wash  with  water  until  the  wash- 
ings are  no  longer  acid.  Rinse  the  pre- 
cipitate into  a  small  porcelain  dish  and 
dissolve  the  residue  on  the  filter  with 
ammonia,  washing  t  horoughly  wit  h  water 

containing  ammonia.  Concentrate  the  solution  to  remove  the 
-  of  ammonia  and  evaporate  to  dryness  after  adding  con- 
centrated nitric  acid.  Add  a  few  drops  of  concentrated  nitric 
acid,  to  help  oxidize  the  residual  sulphur,  and  evaporate  on  the 
steam  bath.  Dissolve  the  residue  of  arsenic  acid  in  a  little 
water,  filter  through  a  small  filter  and  concentrate  the  fill  rale, 
in  a  small  Leaker,  to  a  volume  of  10  to  20  cc.  Add  2  or  3  cc.  of 
magnesia  mixture  (r/.  p.  241 )  half  the  solution's  volume  of  ammo- 
nia water  (>p.  «ir.  n.'.Mi)  and  stir  vigorously  with  a  glass  rod. 
The  precipitate  of  magnesium  ammonium  arsenate  soon  begins 
to  form.  After  a  short  time  add  a  little  more  ma.miesia  mixture 

to  see  if  any  further  precipitation  take>  place,     rinally  add 


Wuter 


Vic,.  126. 
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hoi    roiTespniidinu;    to   one-four!  It   the   volume  of  tin-  liquid   ami 
allow    tin'   pivci|»itah-   lo  stand   over   liiiihl. 

Filter  oiV  the  precipitate  through  a  weighed  CJooch  Or  Munroe 
cnicil.lc  ami  w:i>h  with  2.5  per  cent.  aiiiim>iii:i  to  the  disappear- 
ance of  chlorides.  Dry  the  cnicihle  and  its  content-  at  I  ID3  and 
then  heat  it  in  air  hath  (cf.  Fig.  ll'  •  ising  the  tempera- 

ture very  gradually  until  a  light  red  heat  is  obtained.     Cool  in  a 
desiccator  and  weigh  as  magnesium  pyroarsenate,  Mg2A8iO7. 

Computation.  —If  .s  is  the  weight  of  the  sample  and  p  the  weight 
of  the  ignited  precipitate,  then 

•J  \<XpXMM)  _    »S.27p 
~        s 


l»cr  cent.  As 


TEST  ANALYSES 

EXPERIMENTS  WITH  AN  ARSENIC  SOLUTION  OF  KNOWN 
ARSENIC  CONTENT 

Duplicate  determination  gave  the  values  0.0338  and  0.0332  g., 
Mg2As2O7  in  10  cc.  of  the  arsenic  solution.  Experiments  were 
carried  out  with  10  cc.  of  the  arsenic  solution  added  to  5  g.  of 
Kahlbaum's  pure  reduced  iron  (free  from  arsenic)  and  the  weights 
of  magnesium  arsenate  obtained  were  0.0326  and  0.0328  g. 
EXPERIMENTS  WITH  COMMERCIAL  IRON  AND  STEEL 


No. 

Material  ti-tril 

WeiRht 
taken  in  g. 

Weight  ,.f 
MgtAssOr 

Per  rent. 
arsenic 

1 

Pigr  iron 

la 

5 

0.0():u 

o  it.;:; 

\ 
\b 

5 

0.0035 

(i  034 

2 

Siemens-Martin  steel.  .  .  . 

\a 

5 

O.OOJt 

0    OJii 

\b 

5 

0.0026 

0.085 

3 

Siemens-Martin  steel.... 

\° 

5 

0.0066 

O.O&I 

U 

5 

0.0054 

0.052 

4 

Siemens-Martin  steel.  .  .  . 

• 

U 

10 
10 

0.01_N 

0.0106 

o  (H'rJ 
0.051 

Accuracy  of  the  Process.  —The arsenic  content  of  iron  and  steel 
up  to  0.3  per  cent.  As  can  be  determined  with  an  accuracy  such 
that  the  results  are  probably  correct  to  within  about  0.01  per 
(i  nt.  It  is  necessary,  however,  to  test  all  the  reagents  used  by 
runniiiLC  M  I >lank  experiment.  This  is  especially  necessary  be- 
cause most  hydrochloric  acid  contains  traces  of  arsenic. 


CHAPTER  VI 
SULFUR 

Sulfur,  to  some  extent,  occurs  in  all  kinds  of  iron  and  steel  but 
the  maximum  quantity  ever  found  is  only  a  few  tenths  of  1  per 
cent.  It  is  always  present  in  the  form  of  sulfides,  chiefly  of  iron 
and  manganese,  and  such  sulfur  can  be  evolved  as  hydrogen  sul- 
fide  by  treatment  with  hydrochloric  acid.  Since  sulfur  tends 
toward  segregation,  care  should  be  taken  to  procure  a  good  aver- 
age sample  and  to  use  a  fairly  large  amount  of  material  for  the 
analysis. 

1.  DETERMINATION  OF  SULFUR  IN   MATERIALS  SOLUBLE 

IN  ACIDS 

Outline  of  Methods  Used. — Excellent  gravimetric,  volumetric 
and  colorimetric  methods  have  been -proposed  for  the  determina- 
tion of  sulfur. 

The  gravimetric  methods  usually  depend  upon  the  oxidation  of 
the  sulfur  to  the  sulfate  condition  and  its  precipitation  as  barium 
sulfate.  Morrell,1  however,  weighs  the  sulfur  as  cadmium  sulfide 
and  Bcrzelius  obtained  a  precipitate  of  silver  sulfide,  dissolved  it 
in  nitric  acid  and  weighed  the  silver  as  chloride.  The  problem  of 
determining  sulfur  in  the  presence  of  iron  has  received  a  great  deal 
of  attention  in  the  literature.  Kiister  and  Thiel2  have  shown  t  hat 
enormous  errors,  sometimes  amounting  to  a  loss  of  one-tenth  the 
entire  sulfur  content,  result  from  the  addition  of  barium  chloride 
to  a  boiling  solution  containing  sulfuric  acid  in  the  presence  of 
ferric  chloride.  The  loss  is  due  probably  in  part  to  the  formation 
of  a  complex  ion  containing  iron  and  sulfur  which  is  not  completely 
precipitated  and  partly  to  the  fact  that  ferric  sulfate,  or  any  com- 
plex containing  iron  and  sulfur,  loses  sulfur  upon  ignition.  These 
low  results,  therefore,  occur  especially  when  the  precipitat- 
strongly  contaminated  with  iron,  as  shown  by  the  red  stain  of 

lChom.  N.-ws,  28,  229. 
1  Z.  anorg.  Chc-m.,  22,  424. 
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ferric  o\ide  in  t.hr  crucible  after  ilu-  final  ignition.  K lister  and 
Thiel  found  that  accurate  n^ult>  could  In-  obtained  without  the 
removal  of  the  iron  in  three  \\;iy>:  (1)  l»y  pivcipit aling  with 
ainnionia  without  filtering,  heating  nearly  to  boiling,  adding  the 
barium  chloride  slowly,  and  finally  dissolving  the  ferric  hy- 
droxide in  dilute  hydrochloric  acid;  CJ)  by  precipitating  with 
barium  chloride  in  a  cold  solution;  Ci)  by  adding  tin-  cold  ferric 
chloride  and  sulfuric  arid  solution  very  slowly  to  a  boiling,  dilute 
solution  of  barium  chloride.  It  is  well  to  remember,  hov, 
that  the  trouble  caused  by  the  ferric  chloride  in  the  determina- 
tion of  small  quantities  of  sulfur  is  probably  greater  in  dilute  than 
in  concentrated  solutions,  as  Archbutt1  has  shown.  On  the  other 
hand,  barium  sulfate  has  a  decided  tendency  to  occlude  impuri- 
ties, and  occlusion  is  likely  to  be  greater  in  concentrated  solu- 
tions. In  determining  large  quantities  of  sulfur,  therefore,  it 
is  best  to  work  in  dilute  solutions. 

To  avoid  the  harmful  effect  of  ferric  chloride  upon  the  sulfur 
determinations,  it  has  been  recommended  to  reduce  the  iron  to 
the  ferrous  condition  but  this  remedy  is  not  usually  adopted  in 
iron  and  steel  analysis.  A  more  common  expedient  is  to  deter- 
mine the  sulfur  in  a  solution  free  from  iron.  This  may  be  ac- 
complished: (1)  by  expelling  the  sulfur  as  hydrogen  sulfide  and 
oxidizing  the  absorbed  gas;  (2)  by  removing  the  ferric  chloride 
by  shaking  the  solution  with  ether;  (3)  by  precipitating  the  iron 
wit  h  an  excess  of  ammonia  or  of  sodium  carbonate;  (4)  by  treat- 
ing the  iron  or  steel  with  acid  eupric  ammonium  chloride,  which 
dissolves  the  iron  and  leaves  the  sulfur  in  the  residue  from 
which  it  can  be  obtained  by  an  oxidizing  solution  and  treatment 
with  barium  chloride.2 

The  volumetric  determination  of  sulfur  in  iron  and  steel  is 
usually  based  upon  the  expulsion  of  the  sulfur  as  hydrogen  sul- 
fide and  the  reaction  of  this  gas  with  iodine.  The  details  of  the 
method  vary  considerably,  especially  with  regard  to  the  prelimi- 
nary absorption  of  the  hydrogen  sulfide. 

The  best-known  colorimetric  method  is  that  of  J.  Wiborgh3 

1  J.  Soc.  Chem.  Ind.,  1890,  25. 

2  Meinccke,  Chrm.  NYws,  69,  107;  Boucher,  ibid.,  74,  76;  Carnot  and 
Goutal,  J.  Chem.  Soc.,  72,  II,  520. 

»Stahl  u.  Eisen,  6,  240  (1806). 
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which  depends  upon  the  evolution  of  the  sulfur  as  hydrogen  sul- 
fide,  the  passage  of  the  gas  through  a  cloth  disk  which  has  been 
dipped  in  cadmium  acetate  solution,  and  the  subsequent  compari- 
son with  a  series  of  similar  disks  produced  by  the  treatment  of 
steels  with  known  sulfur  content.  This  method  is  useful  in  a  busy 
laboratory. l 

In  this  book  five  typical  methods  will  be  described,  of  which 
only  the  first  two  are  mentioned  in  the  German  text. 

(a)    ABSORPTION    OF    HYDROGEN  SULFIDE   IN   BROMINE   AND 
HYDROCHLORIC  Acio2 

APPARATUS  AND  SOLUTIONS  REQUIRED 

Evolution  Apparatus. — Many  forms  of  apparatus  have  been 
devised  and  that  shown  in  Fig.  127  has  proved  satisfactory.3 

Kipp  Generator  for  producing  pure  carbon-dioxide  gas. 

Bromine  and  Hydrochloric  Acid. — Add  about  13  cc.  of  pure 
bromine,  free  from  sulfate,  to  1  liter  of  hydrochloric  acid  (sp. 
gr.  1.12),  and  mix  thoroughly  by  vigorous  shaking. 

Sodium  Chloride  Solution. — Prepare  a  10  per  cent,  solution  of 
sodium  carbonate,  free  from  sulfate,  and  neutralize  with  hydro- 
chloric acid. 

Procedure. — : Weigh  out,  with  an  accuracy  of  1  eg.,  about  10 
g.  of  steel  into  the  dry  flask  of  the  apparatus  shown  in  Fig.  127. 
If  the  material  is  badly  rusted,  it  is  well  to  add  1  or  2  g.  of  solid 
staimous  chloride  to  avoid  any  oxidation  of  the  sulfur  by  ferric 
chloride. 

Fasten  the  top  on  the  apparatus,  which  has  ground  glass  con- 
nections, and  replace  the  air  in  it  by  introducing  a  stream  of  dry 
carbon  dioxide.  While  doing  this,  fill  the  ten-bulb  absorption 
tube  with  about  30  cc.  of  the  bromine  and  hydrochloric  acid  mix- 
ture, using  enough  to  fill  all  but  the  last  three  of  the  ten  bulbs. 
Connect  the  tube  with  the  flask  and  continue  passing  the  stream 
of  carbon  dioxide  until  no  more  vapors  of  bromine  are  visible  in 
the  large  bulb  of  the  absorption  tube.  This  is  usually  accom- 
plished in  a  minute  or  two. 

lcf.  Tread  well-Hall,  Analytical  Chemistry,  Vol.  II,  p.  354  Cird  edr 

2r/.  Srlmlte.  Stahl  u.  Eta,  26,  '.is.')  (1!M)C,(;  Kinder.  //,/,/.,  28,  249  (1908). 

'Can  be  supplied  by  Bleckmann  and  Burger  in  Merlin. 
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Then  close  the  stopcock  just  al.ove  the  fla>k,  remove  the  upper 
end  of  tunnel  which  serves  for  the  introduction  of  gas,  :iml  add 
through  (he  funnel  the  requisite  quantity  of  hydrochloric  arid. 

For  dissolving  10  g.  of  iron  it  is  best  to  use  100  cc.  of  hydro- 
chloric acid  (sp.  gr.  1.10  to  l.lf>).1  To  get  this  com  -ent  rat  ion  of 
acid,  fill  (he  funnel  with  50  cc.  of  concent  rated  hydrochloric  acid 
(sp.gr.  1.2), and  transfer  it  to  the  flask  with  the  aid  of  carUrn  «i 
ide  pressure.  Then  add  50  cc.  of  hydrochloric  acid  (sp.  gr.  1.12), 
in  the  same  way,  avoiding  the  introduction  of  any  air  into  tin- 
flask. 

If  the  action  of  the  acid  is  very  violent,  cool  the  flask  by  placing 
it  in  a  dish  of  cold  water;  if  it  is  slow,  heat  wit  h  a  small  flame. 


FIG.  127. 

While  the  steel  is  dissolving,  stop  passing  carbon-dioxide  gas 
through  the  apparatus,  in  order  to  avoid  driving  off  too  much 
of  the  bromine  from  the  absorption  tube.  The  solution  of  the 
sample  should  take  place  fast  enough  so  that  a  good  current  of 
gas  passes  through  the  mixture  of  bromine  and  hydrochloric  acid. 
Gradually  increase  the  heating  of  the  flask  until  finally  the  liquid 

1  The  use  of  acid  which  is  more  concentrated  than  this  does  not  give 
more  accurate  results.  Fuming  hydrochloric  acid  is  not  suitable  her:! 
on  heating  the  flask,  too  much  hydrochloric  acid  is  foiilcd  off  and  this 
causes  an  unnecessary  loss  of  bromine.  Moreover,  it  is  more  likely  to 
cause  the  liquid  to  boil  over  and  sometimes  the  evolution  of  the  gas  is  so 
uneven  that  bromine  vapors  are  sucked  hack  into  the  absorption  flask, 
making  it  necessary  to  repeat  the  determination. 
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in  it  boils,  at  which  time  the  entire  sample  should  be  dissolved. 
The  dissolving  of  the  steel  should  not  require  more  than  an  hour 
at  the  most;  if  more  time  is  required,  as  in  the  analysis  of  some 
stools  containing  tungsten  or  molybdenum,  the  results  are  likely 
to  be  low. 

When  all  the  iron  is  dissolved,  boil  for  a  minute  more,  then  lead 
a  rapid  stream  of  carbon-dioxide  gas  through  the  apparatus,  re- 
move the  flame  from  beneath  the  flask  and  allow  the  liquid  in  it 
to  cool. 

After  10  or  15  in  in.,  take  off  the  absorption  tube  and  slop 
the  current  of  carbon  dioxide.  Rinse  the  contents  of  the  tube 
into  a  porcelain  dish,  add  2  or  3  cc.  of  pure  sodium  chloride  solu- 
tion and  evaporate  to  dryness  on  the  water  bath  in  an  atmospl 
free  from  sulfuric  acid  fumes.  Moisten  the  residue1  with  hydro- 
chloric acid,  add  a  little  water,  warm  and  filter  through  a  small 
filter  into  a  l>caker  of  about  100  cc.  capacity.  Heat  the  filtrate  to 
boiling  and  precipitate  the  sulfuric  acid  by  the  slow  addition  of  ."> 
cc.  of  barium-chloride  solution  (100  g.  BaCl2.2H2O  in  500  cc. 
water).  Stir  well  and  allow  to  stand  in  a  warm  plaeo  until  the 
l»;irium  sulfate  has  settled  out.  Then  filter  through  a  small  ash- 
less  filter,  taking  the  precaution  to  change  the  beaker  under  the 
funnel  before  getting  the  precipitate  on  the  filler,  and  wash  first 
with  very  dilute  hydrochloric  acid  and  finally  with  hot  water  till 
free  from  chloride. 

Ignite  the  filter  and  precipitate  very  gently  until  the  ash  is 
white  and  finally  over  the  full  heat  of  the  Bunsen  burner,  wit  h  t  he 
cover  of  the  crucible  off.  Do  not  heat  over  the  blast  because  of 
the  danger  of  converting  barium  sulfate  into  barium  oxide. 

On  account  of  the  possibility  of  small  quantities  of  sulfuric  acid 
being  present  in  the  reagents  and  the.  danger  of  contamination 
from  the  atmosphere  (due  to  the  use  of  sulfuric  acid  or  to  the 
burning  of  illuminating  gas  in  the  laboratory)  it  is  always  desir- 
able to  carry  out  a  blank  determination  with  t  ho  same  quantities 
of  reagents  and  the  same  operations  as  in  the  analysis.  Moreover, 
the  evaporation,  precipitation,  filtration,  etc..  should  take  pi 

1  If  the  material  alialy/.rd    contain-    much  rarlmn,  the  re-idiie   <>l't:in 
this  stane  in   the  analv^is  often   contains  hromine  sul>st  it  ut  ion   produc1 
hydrocarbons.      These  color  the  rr-idue  and  mve  it  a  rdiarp  odor  but  do  not 
affect  the  analysis  in  any  way. 
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at  the  same  lime  the  analysis  it>elf  is  being  made.  The  weight  of 
barium  sulfate  obtained  in  the  blank  e\j)eriinent,  should  be  de- 
ducted from  that  obtained  in  the  aiialy<i>.  Such  hlank  experi- 
inents  are  desirable  in  all  del  enninat  ions  of  relat  ively  small  quant  i- 
tics  of  substances.  \Vhen  the  sul>stan<-e  determined  I-  pn 
in  large  quantities,  as  in  the  determination  of  sulfur  in  a  nearly 
pure  sulfate,  the  negative  errors  due  to  the  solvent  action  of  the 
reagents  upon  the  precipitate  may  more  than  com:  the 

amount    obtained  from   the  reagents. 

The  solution  obtained  in  the  distillation  flask  after  the  sulfur 
has  been  removed  as  hydrogen  sulfide,  may  be  used  for  other  de- 
terminations. It  is  not  suitable  for  t  he  determination  of  >ilimn. 
however,  as  there  is  likelihood  of  small  particles  of  gelatinous 
silicic  acid  adhering  to  the  sides  of  the  flask  so  firmly  that  they 
cannot  be  easily  removed.  After  rendering  all  the  silicic  acid 
insoluble,  by  the  method  described  on  p.  170,  the  filtrate  may  be 
used  for  the  determination  of  copper,  manganese,  nickel,  chro- 
mium or  vanadium. 

Computation. — The  sulfur  content  of  the  steel,  when  s  repre- 
sents the  original  weight  of  the  metal  and  p  the  weight  of  the  pre- 
cipitate, is 

pXlOO         13.74p 

T»     df\     ^         —    ~  ~ 

BaSOiXs  s 

(b)  DETERMINATION    OF   SULFUR  BY  THE  ETHER  METHOD* 

Necessary  Apparatus  and  Solutions.— The  requirements  arc 
the  same  as  those  specified  on  p.  184. 

Procedure. — Weigh  5  g.  of  borings  into  a  500  cc.  round-bot- 
tomed flask  and  add  50  cc.of  concentrated  nitric  acid  (sp.  gr.  1.42). 
As  a  rule  there  is  little  action  in  the  cold.  Heat  cautiously  at 
first,  holding  the  flask  with  a  clamp  and  rotating  it  over  a  small 
flame,  and  have  a  dish  of  cold  water  ready  so  that  the  flask  may  be 
placed  in  it  if  the  reaction  should  become  too  violent.  After  the 
brown  nitrous  fumes  cease  to  form,  gradually  raise  the  temperature 
of  the  acid  until  it  boils.  When,  at  the  end  of  an  hour  or  so, 
the  sample  is  all  dissolved,  add  0.25  g.  of  potassium  nitrate  dis- 
solved in  a  little  water,  evaporate  to  dry  ness  and  heat  the  residue 

1  c/.  Krug,  Stahl  u.  Eiscn,  25,  887  (1905). 
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until  no  more  brown  fumes  are  evolved.  After  cooling,  dissolve 
the  residue  by  heating  it  with  50  cc.  of  concentrated  hydrochloric 
acid  (sp.  gr.  1.2)  and  again  evaporate  to  dryness.  Redissolve  in 
hydrochloric  acid,  dilute  somewhat  and  filter  off  the  silicious 
residue.  Evaporate  the  filtrate  until  a  film  of  ferric  chloride 
forms  and  redissolve  this  film  by  a  few  drops  of  hydrochloric 
acid.  It  is  now  ready  for  treatment  with  ether. 

After  cooling  the  ferric  chloride  solution,  introduce  it  into  the 
double  separatory  funnel  shown  in  Fig.  120,  p.  184,  and  wash  out 
the  contents  of  the  dish,  or  beaker,  with  hydrochloric  acid  (sp.  gr. 
1.1)  keeping  the  total  volume  of  the  solution  and  washings  below 
60 cc.  Add  30 cc.  of  the  mixture  of  ether  and  concentrated  hydro- 
chloric acid  (cf.  p.  184)  and  100  cc.  of  pure  ether.  Cool  under  t  he 
water  tap  and  shake  thoroughly.  The  upper,  olive-green,  ether 
1  nyer  now  contains  nearly  all  the  iron  and  the  lower,  :uju< 
layer  contains  all  the  sulfuric  acid.  Carefully  transfer  the  lower 
layer  to  the  other  separatory  funnel.  Add  to  the  ether  solution 
remaining  in  the  upper  funnel,  a  few  cc.  of  the  mixture  of  ether 
and  dilute  hydrochloric  acid  (sp.  gr.  1.1).  Shake,  allow  to  sot  tie 
and  add  the  lower  layer  to  the  solution  in  the  lower  funnel. 
Introduce  75  cc.  of  pure  ether  into  this  funnel,  shake  well  and 
finally  draw  off  the  lower  layer  into  a  porcelain  evaporating  dish ; 
it  contains  all  the  sulfur,  very  little  ferric  chloride  and  some  dis- 
solved ether.  Evaporate  to  dryness  on  the  water  bath,  moisten 
the  residue  with  a  few  drops  of  hydrochloric  acid,  dilute  with  a 
little  water  and  filter  into  a  small  beaker.  Heat  the  filtrate  to 
boiling  and  precipitate  the  sulfuric  acid  in  the  usual  way. 

Allow  the  beaker  to  stand  in  a  warm  place  for  several  hours, 
t  hen  filter,  wash,  ignite  and  weigh  as  described  under  the  previous 
method.  It  is  important  to  carry  out  simultaneously  with  the 
analysis  a  blank  experiment  with  the  same  quantities  of  ream  i 

The  computation  is  the  same  as  for  Method  a. 

(c)   BAMBER  METHOD  FOR  DETERMINING  SULFUR  IN 
IRON  OR  STEEL 

This  method  is  suitable  for  the  analysis  of  cast  iron  or  steel 
;md  for  any  iron  alloys  which  are  decomposed  completely  by 
treatment  with  nitric  acid.  It  has  proved  to  be  a  very  reliable 
method. 
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Procedure. — Dissolve  from  :;  i«.  :.  L:.  of  tin-  sample  in  concen- 
trated  nitric  acid  (-p.  gr.  i.-pj).  After  tin-  iron  haidiMolvcd  com- 
pletely, add  2  g.  of  solid  pota>sium  nit  rate  and  cvujMirate  to  dry- 
licss  on  the  \\atn  hath  in  a  platinum  dish.  lirat  the  residue  to 
redness  using  an  alenhol  flame.  After  the  ignition,  add  50  cc.  of 
a  1  per  cent,  solution  of  sodium  carbonate,  boil  for  a  few  minutes 
and  filter.  \Vash  the  preeipitate  t  horoughly  wit  h  hot  1  percent. 
sodium  carl.onate  solution.  Acidify  the  filtrate  with  hydro- 
chloric acid  and  evaporate  to  dryness.  Moisten  the  residue  with 
2  cc.  of  concentrated  hydrochloric  acid  and  add  50  cc.  of  water. 
Heat  to  boiling  and  filter.  Dilute  the  filtrate  to  100  cc.  and  pre- 
cipitate the  filtrate  hot  with  10  cc.  of  2  per  cent,  barium  chloride 
solution.  Ignite  and  weigh  in  the  usual  manner. 

(d)   DETERMINATION  OF  SULFUR  IN  THE  PRESENCE  OF 
FERRIC  CHLORIDE 

In  spite  of  the  many  objections  that  have  been  raised  to  the 
direct  determinat  ion  of  sulfur  in  t  he  presence  of  iron,  many  chem- 
ists still  adhere  to  the  old  method  of  dissolving  the  sample  in 
nitric  acid  or  in  aqua  regia,  evaporating  to  render  the  silica  in- 
soluble, and  precipitating  the  sulfuric  acid  from  a  concentrated 
solution  in  the  presence  of  ferric  chloride.  The  method  has  been 
used  by  the  Bureau  of  Standards  at  Washington  in  the  analysis  of 
standardized  specimens  of  iron  and  steel  and  the  results  have  com- 
pared favorably  with  those  obtained  by  other  methods. 

Procedure. — Treat  5  g.  of  borings  with  50  cc.  of  concentrated 
nitric  acid  (sp.  gr.  1.42)  in  a  400  cc.  Erlenmeyer  flask.  Add 
about  1  g.  of  solid  sodium  carbonate  and  evaporate  to  dryness. 
Bake  to  decompose  nitrates,  dissolve  the  residue  in  30  cc.  of  con- 
centrated hydrochloric  acid  (sp.  gr.  1.2),  and  again  evaporate  to 
dryness  for  the  purpose  of  making  the  silica  insoluble.  Kcdis- 
solve  the  residue  in  30  cc.  of  strong  hydrochloric  acid,  evaporate 
the  solution  to  sirupy  consistency,  and  add  4  cc.  of  concentrated 
hydrochloric  acid.  When  all  t  he  iron  is  in  solution,  add  30  to  40 
cc.  of  hot  water,  filter  off  the  silicious  residue  and  wash  with  hot 
water.  Avoid  letting  the  filtrate  exceed  100  cc.  Heat  it  to 
l>oiling  and  precipitate  with  10  cc.  of  10  per  cent,  barium  chloride 
solution.  Allow  to  stand  24  hr.  before  filtering. 

17 


258  ANALYSIS  OF  IRON  AND  STEEL 

Fuse  the  insoluble  silicious  residue  with  sodium  carbonate 
and  a  little  potassium  nitrate,  extract  the  fusion  with  hot  water, 
filter,  acidify  with  hydrochloric  acid,  and  evaporate  to  dryness. 
Moisten  the  residue  with  hydrochloric  acid,  dilute  and  filter. 
Heat  to  boiling,  precipitate  hot  with  2  cc.  of  barium  chloride  solu- 
tion, and  allow  to  stand  over  night.  The  sulfur  obtained  from 
this  insoluble  residue  should  be  added  to  that  obtained  from 
the  main  solution. 

Evaporations  should  take  place  in  an  atmosphere  free  from 
vapors  containing  sulfur  and  the  use  of  steam  baths,  electrically 
heated  hot  plates,  or  alcohol  burners  is  to  be  preferred  to  gas 
flames.  A  careful  blank  experiment  should  be  carried  along  at 
the  same  time,  using  the  same  quantities  of  reagents  and  exactly 
the  same  operations. 

(e)  VOLUMETRIC  DETERMINATION  OF  SULFUR  WITH  IODINE 

The  iodometric  determination  of  sulfur  in  iron  alloys  is  based 
upon  the  following  reactions: 

FeS  +  2HC1  =  FeCl2  +  H2S 
2H2S  +  I2      =  4HJ  +  2S 

and,  when  an  excess  of  iodine  is  used, 

I2  +  2Na2S2O3  =  2NaI  +  Na2S406 

Usually  the  gas  which  escapes  on  dissolving  the  sample  in 
hydrochloric  acid  is  not  allowed  to  act  directly  upon  iodine  but  it 
is  first  absorbed  by  some  suitable  reagent.  Sodium  hydroxide 
or  ammoniacal  cadmium  chloride  solution  is  commonly  used  but 
many  other  absorbents  have  been  proposed.  With  sodium  hy- 
droxide, the  resulting  solution,  which  contains  the  sulfur  as  sodium 
sulfide,  is  diluted  to  about  500  cc.  and  acidified  with  hydrochloric 
acid.  A  little  potassium  iodide  added  and  the  hydrogen  sulfid<> 
is  at  once  titrated  with  a  standard  iodine  solution,  using  starch 
as  an  indicator.  Two  objections  may  be  raised  to  this  procedure. 
First,  it  is  possible  that  some  gas  other  than  hydrogen  sulfide 
may  be  absorbed  by  the  sodium  hydroxide  solution  and  sub- 
sequently react  with  iodine.  Second,  there  is  opportunity  for 
a  little  hydrogen  sulfide  to  escape  when  the  solution  is  acidified 
just  before  the  titration. 
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When  an  ammomaral  solution  of  cadmium  chloride  is  used  as 
the  al.sorl.riit,  both  of  the  above  objections  may  be  overcome. 
Cadmium  sulfide  is  precipitated  in  the  liquid  absorbent,  the 
precipitate  is  removed,  treated  with  a  ineaMired  volume  of  stand- 
ard iodine  solution,  the  solution  acidifird  and  t  he  excess  of  iodi  ne 
titrated  slowly  with  sodium  thiosulfute  solution. 

Apparatus  and  Solutions. — A  simple  and  suitable  evolution 
apparatus  may  be  constructed  as  follows:  Use  a  250  cc.  round- 
l.ottomed  flask  as  generator.  Fit  it  with  a  do  ul»ly-|xsrf orated 
ml. l>rr  stopper.  Through  one  hole  in  the  stopper  introduce  a 
dropping  funnel  so  that  the  bottom  of  the  stem  reaches  nearly  to 
(lie  bottom  of  the  flask  and  through  the  other  hole  introduce  a 
delivery  tube,  bent  twice  at  right  angles,  leading  into  a  250  cc. 
Krlrnmrvrr  flask,  about  1  in.  below  the  stopper.  Connect 
this  flask  with  a  second  250  cc.  Erlenmeyer  flask  by  means  of 
another  tube  bent  twice  at  right  angles.  This  tube  starts  just 
below  the  stopper  in  the  first  flask  and  extends  nearly  to  the  bot- 
tom of  the  second  flask.  Connect  this  flask  with  a  third  Krlm- 
rneyer  flask  in  the  same  way.  The  first  1  j  Irnmryrr  serves  merely 
as  a  guard  flask  and  to  remove  most  of  the  hydrochloric  acid  that 
distils  over,  whereas  the  second  and  third  flasks  are  to  contain 
liquid  into  which  the  gas  is  to  be  led. 

Prepare  a  solution  of  sodium  thiosulfate  by  dissolving  5  g.  of 
the  crystallized  salt,Na2S2O3.5H2O,  in  each  liter  of  freshly  boiled 
and  cooled  water.  Prepare  a  solution  of  iodine  by  dissolving  2.5 
g.  of  iodine  in  100  cc.  of  water  containing  5  g.  of  pure  potassium 
iodide,  finally  diluting  the  solution  to  1  liter.  Both  of  these 
solutions  are  approximately  0.02  normal.  Titrate  the  two 
solutions  against  one  another  and  then  standardize  the  sodium 
thiosulfate  against  potassium  permanganate,  p.  206,  against 
pure  iodine,  p.  287,  or  against  copper,  p.  268. 

For  absorbing  the  hydrogen  sulfide.  prepare  an  ammoniacal 
solution  of  cadmium  salt  by  dissolving  120  g.  of  cadmium  chlo- 
ride in  1500  cc.  of  water  and  adding  o'OO  cc.  of  concentrated  am- 
monia (sp.-gr.  0.90).  Use  10  cc.  of  this  solution  in  each  of  the  two 
absorbing  flasks,  diluting  with  50  cc.  of  water.  If  a  white  pre- 
cipitate of  cadmium  hydroxide  appears  upon  dilution,  dissolve  it 
by  the  addition  of  a  little  ammonia.  Place  25  cc.  of  water  in  the 
first  Erlenmeyer  flask.  This  serves  to  catch  most  of  the  hydro- 
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chloric  acid  that  distils  over,  but  it  docs  not  absorb  an  appreciable 
amount  of  sulfur  as  it  is  heated  nearly  to  boiling  toward  the  last. 

Procedure. — Weigh  5  g.  of  steel  into  the  generating  flask, 
make  sure  that  all  the  connections  arc  tight  and  then  add  60  cc. 
of  strong  hydrochloric  acid  (sp.  gr.  1.19)  through  the  funnel.1 
As  soon  as  the  action  of  the  acid  on  the  metal  begins  to  slacken, 
gradually  apply  heat,  and  finally,  when  all  the  metal  is  dissolved, 
boil  the  solution  gently  until  steam  condenses  in  the  guard  flask. 
Disconnect  the  apparatus,  first  opening  the  stopper  of  the  drop- 
ping funnel  so  that  there  will  be  no  back  pressure  on  the  removal 
of  the  flame. 

Filter  off  the  precipitate  of  cadmium  sulfide,  which  is  usually 
all  in  the  middle  flask,  and  wash  the  flask  and  filter  twice  with 
water.  Transfer  the  filter  and  precipitate  to  a  beaker,  pour  over 
it  300  cc.  of  water,  add  25  cc.  of  the  standard  iodine  solution,  stir 
thoroughly  and  then  add  5  cc.  of  concentrated  hydrochloric 
acid.  Dissolve  any  sulfide  precipitate  remaining  in  the  flask, 
or  in  the  glass  tubing,  by  means  of  a  little  of  this  solution,  washing 
it  all  back  into  the  beaker.  Titrate  the  excess  of  iodine  with  t he 
standard  sodium  thiosulfate  solution. 

Computation. — If  s  represents  the  weight  of  the  steel,  n  the 
cc.  of  thiosulfate  used,  T  the  value  of  25  cc.  of  iodine  solution 
in  terms  of  the  thiosulfate  solution,  and  N  the  relation  of  the 
thiosulfate  to  the  normal  solution,  then 

(T  -n)N  X  l.li 
per  cent.  S  =  - 

APPLICABILITY  OF  THE  METHODS  FPR  DETERMINING  SULFUR  IN 
IRON  AND  STEEL 

Comparative  tests  have  repeatedly  demons!  rated  the  fact  that, 
when  properly  carried  out,  the  method  last  described  gi\e<  accu- 
rate results  with  most  samples  of  steels.  The  time  required  for 
carrying  out  the  analysis  is  short  and  there  is  no  danger  of  con- 
tamination from  sulfur  in  t  he  laboratory  atmosphere.  If  the  acid 
used  is  too  dilute,  or  if  the  solution  of  the  steel  takes  place  too 
slowly,  the  results  are  likely  to  be  a  little  low.  Certain  samples 
of  castjron  and  some  steels  contain  sulfur  in  a  condition  such  that 

1  If  dilute  hydrochlorn  .i«  id  is  used,  lown-  rc-ulis  arc  obtained,  rf.  p.  253. 


SULFUR 

it  is  not  evolved  :is  hydrogen  sulfide  upon  treatment   with 
This  difhculty  can  usually  be  overcome  by  annealing  I  he  <ample 
before  analy/ing  it   for  sulfur. 

The  Bamber  method  i<  recommended  in  the  United  States  for 
settling  disputed  analyses.  The  Bureau  of  Standards  at  \Vash- 
i  nut  on  have  had  success  with  Method  <l  although  it  is  o|>en  to  the 
theoretical  objection  that  errors  are  involved,  as  already  pointed 
out,  in  precipitating  sulfuric  acid  in  t  he  presence  of  iron. 

The  first  evolution  method,  Method  a,  gives  excellent  results 
but  occasionally  they  are  too  low.  It  is  slightly  more  reliable 
than  the  other  evolution  method  because  it  provides  for  the  Oxi- 
dation of  any  gad  containing  sulfur. 

The  method  based  upon  the  removal  of  the  ferric  chloride  by 
ether  is  probably  as  reliable  as  any  method  that  has  been  proposed 
but  is  not  used  in  busy  laboratories  on  account  of  the  time  re- 
quired for  the  analysis  and  on  account  of  the  unpleasantness  and 
danger  involved  in  constantly  working  with  ether. 

Accuracy  of  the  Results.  Duplicate  determinations  should 
agree  within  0. ()().">  per  cent,  in  the  analysis  of  steels  containing 
0.2  to  0.4  per  cent,  sulfur  and  wit  hin  0.003  per  cent,  in  the  case  of 
steels  containing  0.015  per  cent,  sulfur  or  less. 

2.   DETERMINATION     OF    SULFUR    IN     INSOLUBLE    MATERIALS 
(Ferro-silicon,  Fcrro-chrome,  Etc.) 

The  mixture  of  1  part  sodium  carbonate  and  2  parts  magnesium 
oxide,  known  as  A.SV///.V/  \-  niLrturc,  is  suitable  for  determining  a 
small  sulfur  content  of  an  insoluble  substance.  The  sample 
should  be  in  the  form  of  a  fine  powder  and  particular  care  should 
be  taken  to  avoid  contamination  with  sulfur  in  the  at mosphere. 
The  use  of  the  gas  flame,  therefore,  is  prohibited.  An  alcohol 
burner  may  be  used  for  the  ignition  but  :m  electric  furnace  is 
even  better.  Ignite  the  insoluble  material  in  a  platinum  dish 
with  about  S  times  as  much  Eschka's  mixture  until  the  oxida- 
tion of  !  he  sample  i-  complete. 

Tnmsfer  the  ignited  mass  to  a  beaker  and  rinse  the  dish.  u>ini: 
about  50  cc.  of  water  Add  I")  cc.  of  saturated  bromine  water  and 
boil  5  min.  Allow  the  residue  to  settle,  decant  the  solution 
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through  a  filter,  boil  a  second  and  a  third  time  with  30  cc.  of 
water,  and  finally  wash  the  residue  with  hot  water  until  the 
filtrate  shows  no  test  for  chloride.  Add  3  cc.  of  hydrochloric 
acid  (sp.  gr.  1.1)  and  evaporate  the  solution  to  dryness  to  de- 
hydrate silica.  Take  up  the  residue  with  5  cc.  of  hydrochloric 
acid,  dilute,  filter  and  precipitate  the  sulfuric  acid  in  the  filtrate 
with  a  hot,  dilute  solution  of  barium  chloride.  Filter,  ignite  and 
weigh  the  precipitate  of  barium  sulfate  in  the  usual  manner. 

Test  Analyses. — The  sulfur  was  determined  in  a  sample  of  fer- 
ro-silicon  using  a  2-g.  sample  and  15  g.  of  the  Eschka  mixture. 
Duplicate  determinations  agreed  within  1  mg.  of  barium  sul- 
fate showing  respectively  0.037  and  0.044  per  cent.  S. 


CHAPTER  VII 
COPPER 

Copper,  to  the  extent  of  a  few  tenths  of  1  per  cent.,  is  a 
common  constituent  of  iron  and  steel.  Often  its  presence  is 
accidental  but  in  some  cases  it  is  added  intentionally  for  the  pur- 
pose of  preventing  corrosion. 

1.  PRECIPITATION  AS  SULFIDE  FROM  ACID  SOLUTION 

Principle. — The  solution  containing  ferrous  chloride  and  cupric 
chloride  in  the  presence  of  free  hydrochloric  acid  is  treated  with 
hydrogen  sulfide,  which  precipitates  cupric  sulfide.  The  pre- 
cipitate is  purified  and  the  copper  determined  as  oxide. 

Procedure. — Dissolve  10  g.  of  the  iron  or  steel  in  100  cc.  of 
hydrochloric  acid  (sp.  gr.  1.12)  in  a  beaker  of  about  500  cc.  ca- 
pacity. Heat  on  the  water  bath  until  all  the  metal  is  dissolved. 

Instead  of  using  a  separate  sample  for  this  determination,  the 
solution  obtained  in  the  determination  of  sulfur  by  the  evolution 
method  (p.  252)  or  the  filtrate  from  the  silicon  determination  may 
be  taken. 

When  the  metal  is  all  dissolved,  dilute  the  solution  to  about 
200  cc.1  and  introduce  hydrogen  sulfide  gas  for  half  an  hour. 
Then  heat  a  short  time  on  the  water  bath  to  expel  most  of  the 
excess  hydrogen  sulfide  and  filter  through  a  filter  that  runs  rapidly. 
Wash  the  precipitate  and  filter  with  water  containing  hydrogen 
sulfide  until  all  the  hydrochloric  acid  has  been  removed,  taking 
care  during  all  the  filtration  and  washing  to  keep  liquid  in  the 
filter.  This  is  important  because  copper  sulfide  oxidizes  rapidly  to 
copper  sulfate  on  standing  in  the  air  and  then  washes  through  into 
the  filtrate,  causing  a  turbidity  there.  It  is  necessary  to  remove 

1  If  the  solution  stands  too  long  some  of  the  iron  is  oxidiaed  to  the  ferric 
condition  which  causes  the  precipitation  of  sulfur  when  hydrogen  sulfide  is 
introduced. 
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all  the  hydrochloric  acid  from  the  precipitate  because  otherwise 
some  cupric  chloride  will  be  lost  by  volatilization  during  the  next 
operation. 

As  soon  as  the  washing  is  complete,  transfer  the  precipitate  to  a 
large,  un weighed  porcelain  crucible  and  smoke  off  the  filter  paper 
by  means  of  a  low  flame,  keeping  the  temperature  as  low  as  pos- 
sible. Moisten  the  ash  with  concentrated  nitric  acid  and  heat 
again  until  the  carbon  is  all  consumed.  To  the  residue,  which 
now  contains  all  the  copper  as  black  cupric  oxide,  add  a  few  cc. 
of  hydrochloric  acid  (sp.  gr.  1.12)  and  heat  until  all  the  cop- 
per oxide  is  dissolved.  Evaporate  the  solution  to  dryness,  to 
render  traces  of  silica  insoluble,  treat  the  residue  with  hydro- 
chloric acid,  dilute  and  filter  into  a  small  beaker  of  100  to  150  cc. 
capacity.  Wash  the  filter  with  water  containing  a  little  hydro- 
chloric acid  but  avoid  letting  the  filtrate  exceed  about  30  cc. 

To  precipitate  the  copper  again,  add  10  to  20  cc.  of  saturated 
hydrogen  sulfide  water  and  heat  on  the  water  bath  with  frequent 
stirring  until  the  precipitate  collects  together  and  the  supernatant 
liquid  is  clear.  Filter  through  a  small  filter  until  all  the  hydro- 
chloric acid  is  removed,  using  wash  water  containing  hydrogen 
sulfide.  Ignite  the  precipitate  in  a  weighed  porcelain  crucible  at 
a  low  temperature  until  all  the  carbon  of  the  filter  is  consumed, 
cool  in  a  desiccator  and  weigh  as  cupric  oxide,  CuO. 

If  care  is  not  taken  in  igniting  the  copper  sulfide  precipitate, 
there  is  danger  of  mechanical  loss. 

The  ignited  and  weighed  cupric  oxide  should  dissolve  in 
hydrochloric  acid  without  leaving  a  weighable  residue;  the  addi- 
tion of  ammonia  in  excess  should  then  give  a  clear,  deep-blue 
solution. 

In  the  analysis  of  cast  iron  containing  considerable  silicon  and 
graphite,  the  silicon  should  be  removed  at  the  start  by  Method 
1A,  p.  169,  and  the  copper  precipitated  ELfl  sulfide  in  the  filtrate. 
The  residue  obtained  after  treatment  of  the  silica  with  sulfuiic 
and  hydrofluoric  acids  should  also  be  examined  for  copper. 

Computation. — If  />  repn-ents  the  weight  of  the  copper  oxide 
obtained  from  a  sample  of  metal  weighing  ,s-  g.  then 

79.89  X  p 
per  cent.  Cu  =  - 
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2.   DETERMINATION  AFTER  REMOVAL  OF  IRON  WITH  ETHER 

Principle. — By  shaking  with  ether  a  hydrochloric  acid  .solution 
containing  con>i<  lerahle  ferric  chloride  and  a  little  cupric  chloride, 
the  greater  part  of  the  former  salt  dissolves  in  the  ether  while  all 
of  the  latter  salt  remains  in  the  a<|iieoii>  I- 

Procedure.  Dissolve  about  10  g.  of  the  sample  in  dilute  nitric 
acid  (sp.gr.  1.2)  and  remove  the  silicon  as  d< -scribed  in  Method  1  H 
on  p.  173.  In  the  filtrate  carry  out  the  Hot  he  ether  separation  as 
described  under  Manga  m  •>«  •.  p.  185.  The  aqueous  hydrochloric 
acid  solution  then  contains  only  a  little  iron,  hut  all  of  the  copper 
manganese,  nickel,  chroniium,  etc.  Evaporate  the  solution  on  the 
water  hath  to  remove  dissolved  ether,  take  up  the  residue  in  a 
little  hydrochloric  acid,  add  water  and  filter  the  solution,  if  neces- 
sary, to  remove  traces  of  silica  and  titanium  oxide.  Precipitate 
the  copper  with  hydrogen  sulfide  according  to  the  procedure  given 
in  Method  1,  cautiously  ignite  the  precipitate  in  a  porcelain  cru- 
cible and  weigh  as  cupric  oxide,  CuO. 

3.    REMOVAL  OF  THE  IRON  WITH  SULFURIC  ACID1 

Principle. — In  the  potential  series  of  the  metals,  iron  has  a 
greater  and  copper  a  smaller  solution  pressure  than  hydi 
For  this  reason  iron  dissolves  readily  in  dilute  sulfuric  acid  while 
copper,  in  the  absence  of  oxidizing  agent,  does  not.  To  make  sure 
that  traces  of  copper  are  not  dissolved,  hydrogen  sulfide  water 
should  be  added  to  the  solution  before  filtering. 

Procedure. — Dissolve  10  g.  of  the  sample  in  75  cc.  of  dilute  sul- 
furic acid,  10  per  cent,  by  volume.  Saturate  the  hot  solution 
with  hydrogen  sulfide  and  filter.  Wash  the  filter  free  from  iron 
with  very  dilute  sulfuric  acid  containing  hydrogen  sulfide.  In- 
cinerate the  filter  and  its  contents  in  a  porcelain  crucible.  di<:«  M 
the  ash  with  nitric  acid  and  transfer  the  solution  to  a  platinum 
crucible.  Evaporate  to  drynoss,  heat  the  residue  with  sulfuric 
and  hydrofluoric  acids  to  remove  silica,  and  finally  expel  the. 
of  acid.  Digest  the  residue  with  a  little  sulfuric  aid  (1  vol.  acid  : 
5  vols.  water)  and  filter.  If  any  residue  remains,  fuse  it  for  a 
short  time  with  a  little  potassium  pyn»ulfate  |\  :S ,()-.-.-  dissolve 

1  This  method  is  recommended  by  the  U.  8.  Bureau  of  Standards,  Circular 
No.  14  (1913). 

1  Made  by  fusing  KIIS()4  till  all  water  is  expelled. 
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the  melt  in  water  and  add  it  to  the  solution  previously  obtained. 
The  copper  can  then  be  determined  as  oxide,  after  previous  pre- 
cipitation as  sulfide  (cf.  Method  1)  or  be  deposited  electrolytically 
(cf.  Method  4). 

4.  ELECTROLYTIC  DETERMINATION  OF  COPPER 

Principle. — The  first  copper  sulfide  precipitate  obtained  in 
Method  1  or  in  Method  2,  as  well  as  the  copper  sulfate  solution 
obtained  in  Method  3,  may  be  used  for  the  electrolytic  determina- 
tion of  copper.  The  electrolytic  deposition  of  copper  can  be  ac- 
complished successfully  under  quite  varying  conditions.  For 
this  reason  the  procedures  described  by  different  chemists  often 
vary  considerably.  It  is  well  to  bear  in  mind,  however,  that  too 
much  acid  prevents  the  deposition  and  too  strong  currents  are 
likely  to  cause  spongy  deposits.  In  general,  stronger  currents 
can  be  employed  with  a  gauze  cathode  than  when  a  plate 
electrode  is  used. 

Moreover,  the  more  concentrated  the  solution  and  the  larger 
the  surface  of  cathode  exposed,  the  stronger  the  current  may  be. 
Stirring,  when  accomplished  by  rotating  one  of  the  electrodes,  by 
an  electromagnetic  effect  in  Frary's  apparatus  (p.  274),  or  in  any 
other  way,  also  shortens  the  time  required  for  electrolysis  by  per- 
mitting the  use  of  stronger  currents. 

Procedure. — In  case  the  analysis  is  started  as  described  in 
Method  1  or  in  Method  2,  dissolve  the  ignited  cupric  oxide.  <>h- 
t  .-lined  by  igniting  the  sulfide  precipitate,  in  a  little  nitric  acid,  add 
a  few  drops  of  sulfuric  acid  and  evaporate  until  fumes  of  sulfurir 
anhydride  are  evolved.  Cool,  add  enough  water  to  dissolve  all 
the  copper  sulfate  and  transfer  the  solution  to  a  small  beaker  <»f 
not  over  200  cc.  capacity. 

Dilute  this  solution,  or  that  obtained  in  Method  3,  to  about  50 
cc.  and  electrolyze  with  stationary  electrodes  and  a  current  of 
about  0.2  ampere  or,  if  a  gauze  cathode  and  stirring  apparatus 
are  available,  a  much  stronger  current  may  be  employed  and  the 
analysis  finished  more  quickly. 

\Vhen  all  the  copper  is  removed  from  the  solution,  which  is 
usually  the  case  at  the  end  of  3  hr.  with  stationary  <•!<•<•- 
trodes,  quickly  detach  the  cathode  and  wash  it  immediately  by 
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plunging  it  iiitu  wat.-r  iii  ;i  U-akrr.  Kinse  with  alcohol,  dry  a 
short  time  at  100°,  cool  and  weigh.  Test  the  solution  for  copper 
by  passing  hydrogen  sullide  into  it.  If  any  precipitate  of  copper 
sulfide  is  obtained,  it  may  be  filtered  off,  ignited  in  a  porcelain 
crucible  and  weighed  its  euprie  oxide.  <  'u( ),  or  t  hcnxideinay  be  dis- 
solved in  acid  and  the  solution  elect roly zed  as  before,  using  a  clean 
electrode  surface. 

Accuracy  of  the  Results. — With  care,  the  copper  content  of  a 
steel  can  l>e  determined  by  any  one  of  the  above  methods  with 
an  error  of  not  more  than  1  ing.  in  the  final  weight.  Using 
a  10-g.  sample  this  corresponds  to  an  error  of  0.01  per  cent.  If 
the  quantity  of  copjx»r  in  the  steel  is  less  than  0.2  per  cent,  dupli- 
cate determinations  should  agree  within  about  0.005  per  cent. 

5.  THE  RAPID   DETERMINATION  OF  COPPER  IN   STEEL1 

Principle. — This  procedure  is  a  modification  of  A.  H.  Low's 
method2  for  determining  copper  in  ores.  Copper  is  electronega  t  i  ve 
to  aluminium  in  the  potential  series  of  metals  and  for  this  reason 
aluminium  displaces  copper  when  placed  in  the  solution  of  a  cop- 
per salt.  Moreover,  copper  is  lower  than  hydrogen  in  the  series,  so 
that  hydrochloric  and  sulfuric  acids  do  not  dissolve  copper  in 
the  absense  of  an  oxidizing  agent;  if  any  copper  dissolves  the 
aluminium  will  precipitate  it  even  in  the  presence  of  acid.  The 
residual  copper  is  dissolved  by  nitric  acid,  the  solution  is  neu- 
tralized by  ammonia,  acidified  with  acetic  acid  and  the  cupric 
ion--  are  changed  to  cuprous  iodide  by  treatment  with  potassium 
iodide  whereby  an  equivalent  weight  of  iodine  is  set  free: 

2Cu(C2H302)2  +  4KI  =  CuJ,  +  4KC,H,O2  +  I, 

The  free  iodine  is  titrated  with  standard  sodium  thiosulfate 
solution. 

SOLUTIONS  REQUIRED 

1.  Standard  Sodium  Thiosulfate  Solution. — Dissolve  25  g.  of 
pure,  crystalli/ed,  sodium  thiosulfate  NajS»Oj.5HjO  in  water 
and  dilute  the  solution  to  5  liters.  The  solution  is  approximately 

D.  Koepping,  J.  ln.1.  Kng.  Chem.,  6,  696  (1914). 
«  A.  H.  Low,  "Technical  Methods  of  Ore  Analysis." 
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0.02  normal.  Use  water  that  has  been  recently  boiled  free  from 
carbon  dioxide  and  cooled.  Standardize  the  solution  against 
10  cc.  of  tenth-normal  potassium  permanganate  solution  (p. 
206),  against  about  0.1  g.  of  pure  iodine  (p.  287),  or  against 
metallic  copper. 

To  standardize  against  pure  metallic  copper,  dissolve  about  0.1 
g.  of  pure  copper,1  in  a  200  cc.  Erlenmeyer  flask  with  5  cc.  of  a 
mixture  of  equal  parts  nitric  acid  (sp.  gr.  1.42)  and  water.  Dilute 
the  solution  to  25  cc.  and  boil  a  few  minutes  to  remove  oxides 
of  nitrogen.  To  remove  the  last  traces  of  nitrous  acid,  add  5  cc. 
of  bromine  water  and  boil  until  the  excess  bromine  is  expelled. 
Cool  somewhat  and  add  strong  ammonia  until  a  slight  excess  is 
present.  Boil  off  the  excess  ammonia  and  add  7  cc.  of  strong 
acetic  acid,  which  dissolves  any  copper  oxide  that  may  have  been 
deposited  by  boiling  the  blue  ammoniacal  copper  solution. 
Cool  to  room  temperature,  add  2  g.  of  pure  potassium  iodide, 
and  titrate  with  sodium  thiosulfate  until  nearly  colorless.  Then 
;tdd  2  cc.  of  starch  solution  (0.5  g.  of  soluble  starch  dissolve*  1  in 
25  cc.  of  boiling  water;  the  starch  solution  should  cool  In-fore 
using  it)  and  finish  the  titration. 

In  making  the  titration  for  the  first  time,  it  should  be  borne 
in  mind  that  cuprous  iodide  is  not  white. 

The  reactions  that  take  place  during  the  standardization  may 
be  expressed  as  follows: 

3Cu  +  8HN03  =  3Cu(NO3)2  +  4H2O  +  2NO 

NO  +  O  =  NO2 

2NO2  +  H2O  =  HN02  +  HN03 

HN02  +  Br2  +  H20  =  HN03  +  2HBr 

Cu++  +  6NH3  =  Cu(NH3)6+  + 
Cu(NH3)*++  +  6H+  =  Cu  +++  6NH4+ 
Cu++  +  2I-  =  Cul  +  I 
2S2Oa-  +  I.  =  S406-  +  21- 

Procedure. — Weigh  from  3  to  10  g.  of  the  metal,  accord inn  to 
the  prol.aUr  copper  content,  into  a  small  beaker  and  dissolve  in 
35  cc.  of  6-nonnal  hydrochloric  acid  (sp.  gr.  1.12)  or  sulfuric  acid 

^I'liis  will  require  about  80  cc.  of  the  dilute  sodium  thiosulfate  solution. 
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gr.  1.1S).  Dilute  the  .solution  with  :>.".  <-.-.  «,f  water  and  in- 
troduce a  strip  of  aluminium  foil,  bent  >o  that  it  will  not  Ho  flat 
on  the  bottom  of  the  beaker.  and  boil  the  solution  for  20  mill. 

Remove  the  1  ><ak(T  from  the  hot  plate  and  wash  down  the 
cover  glass  and  sides  of  the  beaker  with  hot  water.  Filter 
through  a  11  cm.  filter  and  wash  the  residue  promptly  with 
hot  water.  Puncture  the  filter,  and  rinse  the  precipitated  copper 
into  a  30  cc.  Erlenmeyer  flask.  Cover  the  aluminium,  in  Un- 
original beaker  in  which  the  copper  was  deposited.  with  a  mix- 
ture, of  3  cc.  concentrated  nitric  acid  (sp.  gr.  1.42)  and  7  00. 
of  water  and  pour  the  acid  through  the  pierced  filter.  Finally 
wash  the  aluminium  and  the  filter  with  hot  water.  Boil  the 
copper  nitrate  solution  a  few  minutes  to  remove  nitrous  fun 
cool  somewhat,  and  then  add  7  cc.  of  strong  ammonia  (sp.  gr. 
0.90).  Boil  until  the  deep  blue  solution  becomes  pale  blue  and 
the  ammonia  odor  is  faint.  Add  10  cc.  of  80  per  cent,  acetic 
acid  and  boil  1  min.  more.  Allow  the  solution  to  cool  and  when 
at  the  room  temperature,  or  colder,  add  3  gr.  of  potassium 
iodide  and  at  once  titrate  the  liberated  iodine  with  the  sodium 
thiosulfate  solution. 

Computation.  —  If  in  the  standardisation  of  the  solution,  n\  cc. 
of  thiosulfate  were  required  for  e\  g.  of  copper,  then 

1  cc.  Na2S2O3  =  *J  =  T  g.  copper 

If  the  solution   was  standardized  against    10  cc.  of   a-normal 
permanganate,  and  n2  cc.  of  thiosulfate  were  required;  then 

lOaXO.06357 
1  cc.  Na2S2O3  =  -          u          -  =  T  £.  copper 

If  standardized  against  pure  iodine,  and  r3  g.  of  iodine  required 
ns  cc.  of  solution, 

1  cc.  Na2S203  =   *'.  -  ~  =  T^  copper 


If  n  cc.  of  thiosulfate  solution  were  required  in  the  analysis  of 
s  g.  of  steel,  then 

100,    7 
per  cent.  Cu  =  - 


CHAPTER  VIII 
NICKEL 

Nickel,  in  traces  at  least,  is  a  very  common  constituent  of 
iron  and  steel.  It  is  rarely  present  much  in  excess  of  0.1  per  cent, 
except  when  it  is  intentionally  added  in  special  steels. 

Three  methods  for  the  determination  of  this  element  will  be 
described,  the  dimethylglyoxime  method,  the  electrolytic  method, 
and  the  volumetric  method.  Of  these  methods  only  the  first 
mentioned  is  uninfluenced  by  the  presence  of  cobalt  which  almost 
invariably  accompanies  nickel.  Usually  the  cobalt  content  is  in 
the  neighborhood  of  1  per  cent,  of  the  nickel  content;  the  results 
obtained  by  the  last  two  methods  should  be  correspondingly 
higher. 

1.   DETERMINATION  OF  NICKEL  BY  THE  DIMETHYLGLYOXIME 

METHOD 

Principle. — From  a  nearly  neutral  solution,  it  is  possible  to 
precipitate  nickel  quantitatively  by  the  addition  of  dimethyl- 
glyoxime1 in  alcoholic  solution.  The  method  was  first  used  by 
TschugaefP  for  the  qualitative  detection  of  traces  of  nickel  and 
was  perfected  by  Brunck  for  quantitative  work.3  Dimethyl- 
glyoxime, also  called  diacetyldioxime,  has  the  following  consti- 
tutional formula: 

CH3  -  C  -  C  -  CH8 

II        II 
HO  -  N       N  -  OH 

which  corresponds  to  the  empirical  formula  (C4HgO2N2).  One 
atom  of  nickel  replaces  2  atoms  of  hydrogen  in  2  molecules 
of  dimethylglyoxime;  the  reaction  may  be  written: 

1  This  substance  was  expensive  until  a  demand  arose  for  it  as  reagent. 
In  1908  the  price  was  reduced  to  about  30  cents  a  gram  but  in  1911  it  cost 
only  about  4  cents  a  gram. 

1  Her.,  38,  2520  (1905). 

•  Z.  angew.  chem.,  20,  1844  (1907). 
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CHa-C-C-CH,  CHi-  ('  -C  -CH, 

II  Ck 

HO  -  N     N  -  OH  +      >Ni  -  HO  -  N    N  -  (X 

CK  >Ni 

HO-N      N-(M1  HO-NNCK 

II       II  II  Jl 

CH,  -  C  -  C  -  CH,  CH,  -  C  C  -  CH 

DitnuthylRlyoximc  Nickrl  mill  <>f  ,1m 

(C4H802N2)  sHul 


The  precipitation  may  be  accomplished  in  the  presence  of 
other  metals,  such  as  copper,  cobalt,  chromium,  iron,  manga n«  -»•, 
tungsten  and  vanadium,  provided  a  sufficient  quantity  of  tart  uric 
acid  is  present  to  prevent  any  precipitation  of  these  elements 
l>y  means  of  ammonia.  The  reagent  is  not  very  soluble  in  water 
and  for  this  reason  care  must  be  taken  not  to  use  too  large  an 
excess,  or  the  results  will  be  too  high. 

Requisite  Solutions.  Dimethylglyoxime  Solution. — Dissolve 
10  g.  of  dimethylglyoxime  in  1  liter  of  98  per  cent,  alcohol  and 
filter  if  necessary.  Ten  cubic  centimeters  of  this  solution  will 
precipitate  approximately  0.025  g.  of  nickel. 

Tartaric  Acid  Solution. — Dissolve  500  g.  of  tartaric  acid  in  1 
liter  of  water  and  filter  if  necessary;  14  cc.  of  t  his  solut  ion  require 
about  17  cc.  of  ammonia  (sp.  gr.  0.96),  for  neutralization. 

Procedure. — Take  1  g.  of  a  nickel  steel  containing  3  to  5  per 
cent,  nickel  or  2  g.  if  the  steel  contains  little  nickel.1  Dissolve 
the  sample,  in  a  porcelain  casserole,  in  nitric  acid  (sp.  gr.  1.2) 
and  while  the  sample  is  dissolving  and  the  evolution  of  gases  is 
likely  to  result  in  mechanical  losses,  keep  the  casserole  covered 
with  a  watch-glass.  Evaporate  the  solution  to  dryness,  ignite 
the  residue  carefully  until  the  nitrates  are  decomposed  and  then 
treat  it  with  20  cc.  of  concentrated  hydrochloric  acid  (sp.  ^r. 
1.2)  heating  until  all  the  ferric  oxide  is  dissolved.  Evaporate 
the  solution  once  more  to  dryness,  take  up  in  a  little  hydro- 
chloric acid,  dilute  and  filter  off  the  silica,2  receiving  the  filtrate 
in  a  300  cc.  beaker. 

To  the  filtrate  add  14  cc.  of  the  tartaric  acid  solution  for  each 
g.  of  iron  present  and  dilute  ammonia  until  the  solution  is  slightly 

1  cf.  p.  27:i.    Note  2. 

8  If  the  silica  is  not  removed,  it  may  contaminatr  the  nirki-1  precipitate, 
especially  with  steels  high  in  silicon. 
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ammoniacal.  Often  a  yellow  precipitate  of  basic  ferric  tartrate  is 
obtained  when  the  solution  is  neutral  but  this  precipitate  will 
dissolve  upon  the  addition  of  a  little  more  ammonia.  When  dis- 
tinctly ammoniacal  there  should  be  no  precipitate  in  the  brown 
solution.  If  a  precipitate  is  present  it  indicates  too  little  tartaric 
acid.  Make  the  solution  barely  acid  with  hydrochloric  acid,  heat 
it  nearly  to  boiling  and  add  20  cc.  of  the  alcoholic  solution  of 
dimethylglyoxime,  and  then  ammonia  until,  after  stirring  and 
blowing  away  the  vapors,  a  faint  odor  of  ammonia  can  be  detected 
above  the  solution.  Any  nickel  present  will  be  precipitated  in 
the  form  of  fine  red  needles. l  After  allowing  the  solution  to  stand 
a  little  while,  add  10  cc.  more  of  the  dimethylglyoxime  solution 
to  see  if  any  further  precipitation  takes  place.  If  this  is  the 
case,  it  may  be  necessary  to  add  still  more  of  the  reagent. 

Allow  the  solution  to  stand  in  ;i  \v:mn 
place  for  1  hr.  and  then  allow  to  cool 
for  about  half  an  hour. 

Meanwhile  prepare  a  Munroe  or 
Gooch  crucible  (p.  193),  place  it  in  a 
platinum  or  nichrome  triangle  (Fig.  128), 
heat  it  at  120°  for  1  hr.,  cool  in  a  desi<  - 

cator   and   weigh.     Filter  the  solution 

Flo    12g  through  this  weighed  crucible,  using  gen- 

tle suction.     Take  care  to  keep  liquid  in 

the  crucible  and  not  let  the  crystals  get  packed  too  closely  on  the 
asbestos  felt,  as  this  interferes  with  the  filtration.  Use  as  gentle 
suction  as  will  permit  rapid  filtration.  Wash  the  precipitate 
with  hot  water  till  free  from  iron  (8  to  12  times)  and  then  allow 
it  to  drain.  Place  the  crucible  in  a  platinum  or  nichrome  tri- 
angle, such  as  is  shown  in  Fig.  128,  and  heat  in  a  hot  closet  at 
120°  for  at  least  half  an  hour.  Cool  in  a  desiccator  and  weigh. 
If<  at  again  in  the  hot  closet  to  see  if  the  weight  is  constant. 

To  clean  the  crucible,  pick  out  the  greater  part  of  the  precipi- 
tate without  interfering  with  the  asbestos  felt,  wash  with  hot 
dilute  hydrochloric  acid,  then  with  water  and  dry  at  120°,  after 
which  the  crucible  is  ready  for  use  again. 

1  If  precipitation  takes  place4  in  the  cold,  the  precipitate  is  of  a  slightly 
different  character  and  filters  less  readily. 
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Computation.  -If  />  g.  of  nickel  precipitate  wen-  obtained 
in  t  he  analysis  of  «  g.  of  stcvl  t  hen 

20.32  p 

per  rent.  Nl   —    • 

I.  It  is  not  advisable  to  attempt  to  work  with  too  large  a 
nickel  precipitate.  The  weight  of  sample  should  be  regulated  8O 
that  the  quantity  of  nickel  to  he  pnvipitated  shall  not  exceed  0.05  to 
<»IK  g.  In-trad  of  \\.-ighing  out  a  very  small  sample  when  the  alloy 
is  rich  in  nickel,  it  is  usually  better,  for  the  sake  of  getting  a 
average  sample,  to  <li>solve  2  or  3  g.  of  the  original  mail-rial  and  then 
take  an  aliquot  part  for  the  final  precipitation. 

Thus,  with  a  steel  containing  •_'."»  per  cent,  of  nickel,  weigh  out  3  g. 
of  the  material,  dilute  the  solution  to  500  cc.  in  a  calibrated  flask, 
thoroughly  mix  by  pouring  back  and  forth  several  times  into  a  dry 
beaker,  and  then  take  .">()  cc.  (=  0.3  g.  of  the  sample)  for  the  precipita- 
tion with  dimethylglyoxime. 

2.  If  the  nickel  content    is  less    than  0.1  per  cent.,  it  is  not  advisable 
to  attempt  to  carry  out  the  precipitation  of  the  nickel  in  tin-  pi 

of  all  the  iron.  In  such  cases,  carry  out  the  Hothe  ether  separation, 
as  described  on  p.  is")  for  the  separation  of  iron  from  manganese,  and 
then  proceed  as  described  above  using  only  5  cc.  of  the  tartaric  acid 
solution.  Or,  in  case  it  is  desired  to  determine  other  elements  in 
the  hydrochloric  acid  solution,  the  nickel  may  be  precipitated  by 
hydrogen  sulfide  in  acetic  acid  solution,  the  precipitate  di—  ol\.-d  in  a 
little  aqua  regia,  the  free  chlorine  boiled  off,  the  solution  diluted,  and 
the  nickel  then  precipitated  with  dimethylglyoxime  and  a  slight 
of  ammonia. 

3.  In  the  analysis  of  nickel-plated   iron  and  steel,  it  is  often  .1 

to  know  the  depth  of  the  nickel  coating.  In  such  cases,  dissolve  the 
nickel  coating  from  one  or  several  pieces,  the  surface  area  of  which  has 
been  accurately  measured,  in  cold  nitric  acid  (sp.  gr.  1.42),  pour  oft  the 
nickel  solution  into  a  second  beaker,  wash  the  metal  several  times  with 
strong  nitric  acid,  evaporate  off  the  excess  of  acid,  add  tartaric  acid 
solution  and  proceed  in  the  usual  way  to  determine  the  nickel. 

Assuming  the  specific  gravity  of  nickel  to  be  S.O,  the  surface  of  the 
samples  examined  to  be  s  sq.  mm.,  and  the  weight  of  the  nickel  precipi- 
tate i>  g.,  then  (I,  the  thickness  of  the  nickel  coating,  ia  given  by  the 
equation: 
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4.  Recovery  of  Dimethylglyoxime  from  Nickel  Precipitates. — Triturate 
the  precipitates  with  a  little  water  in  a  mortar,  rinse  the  paste  into  a 
porcelain  evaporating  dish  and  heat,  with  the  addition  of  a  little  potas- 
sium cyanide,  until  the  nickel  salt  dissolves  forming  a  reddish-yellow 
solution.  Filter  the  solution,  before  letting  it  stand  very  long,  through 
a  plaited  filter  to  remove  asbestos  fibers  and  other  insoluble  material. 
Allow  the  solution  to  cool  and  saturate  it  with  pure  carbon  dioxide  gas. 
At  the  end  of  an  hour  all  the  dimethylglyoxime  will  be  precipitated. 
Filter  it  off  on  a  Biichner  suction  funnel,  wash  with  cold  water,  dry 
and  weigh.  Dissolve  the  dry  powder  in  alcohol,  using  100  cc.  for  each 
gram  of  the  powder,  add  a  little  bone  black,  heat  and  filter.  The  clear 
solution  is  now  ready  for  use  as  reagent. 

2.   DETERMINATION  OF  NICKEL  BY  ELECTROLYTIC  DEPOSITION 

Principle. — After  the  removal  of  the  greater  part  of  the  iron, 
preferably  by  the  Rothe  ether  separation,  and  the  precipitation 
of  the  copper  as  sulfide  from  acid  solu- 
tion, the  nickel  may  be  deposited  elec- 
trolytically  from  an  ammoniacal  solution 
containing  ammonium  sulfate. 

Apparatus. — The  analysis  may  be  car- 
ried out  with  a  platinum  spiral  as  anode 
and  a  platinum  plate  elect  rode  as  cathode. 
but  the  time  required  may  be  shortened 
by  using  a  cylinder  of  platinum  gau/< 
cathode,  which  permits  the  use  of  a 
stronger  current.  Stirring  the  electrolyte 
is  also  helpful  and  this  can  be  accomplished 

very  satisfactorily  in  the  Frary  apparatus,1  Fig.  129,  which  is 
based  upon  the  principle  of  the  solenoid  and  causes,  by  the  mag- 
netic influence  of  the  current  in  the  coil  of  wire  in  the  apparatus, 
the  rotation  of  the  electrolyte  while  the  current  is  being  passed 
through  it.  The  platinum  gauze  electrode  is  required  in  this 
apparatus,  as  it  allows  the  electrolyte  to  stream  through  it. 
The  movement  of  the  electrolyte  is  not  satisfactory  when  a  solid 
electrode  is  used.  Iii  all  rases,  there  is  less  danger  of  obtaining 
spongy  depo-it-  with  gauze  electrodes. 

Procedure. — Dissolve   3  to  5  g.  of  an  ordinary  nickel   steel, 

»  Z.  Kl< -k(n., •!,. -inir,  13,  308  (1907);  J.  Am.  Chem.  Soc.,  29,  1592  (1907). 
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or  5  to  10  g.  of  a  steel  with  low  nickel  content,  in  nitric  acid, 

and  prepare  tin-  solution  for  the  ether  separation  exactly  an 
described  under  Manganese,  p.  185. ! 

After  the  removal  of  the  iron  by  the  ether,  evaporate  the 
solution  to  expel  the  dissolved  ether  and  precipitate  the  copper 
as  sulfide  according  to  p.  263.  Boil  the  filtrate  to  expel  hy- 
drogen sulfide.  add  a  little  sulfuric  acid  and  evaporate  until  the 
excess  of  sulfuric  acid  is  expelled.  Treat  the  residue  with  so- 
dium hydroxide  and  sodium  peroxide  to  remove  chromium  as 
described  under  Manganese,  p.  189.* 

After  washing  out  the  sodium  eliminate  and  other  sodium 
compounds,  dissolve  the  oxides  (chiefly  of  nickel,  cobalt,  man- 
ganese and  residual  iron)  by  heating  with  hydrochloric  acid 
(sp.  gr.  1.12).  Dissolve  any  residue  in  the  platinum  dish  with 
a  crystal  of  oxalic  acid  and  a  little  sulfuric  acid,  and  add  the 
solution  to  that  already  obtained.  If  considerable  manganese 
is  present,  it  is  best  to  neutralize  the  solution  with  ammonia, 
acidify  it  slightly  with  acetic  acid  and  precipitate  the  nickel 
and  cobalt  with  hydrogen  sulfide.  Kilter  off  the  sulfide  precipi- 
tate and  ignite  it  in  a  porcelain  crucible.  Dissolve  it  in  a  little 
aqua  regia  and  prepare  the  solution  for  electrolysis  as  described 
below.  Small  quantities  of  manganese  do  no  harm  and  in  such 
cases  it  is  unnecessary  to  precipitate  the  nickel  and  cobalt  as 
sulfides.  Add  a  slight  excess  of  sulfuric  acid  to  the  hydro- 
chloric acid  solution  and  evaporate  until  fumes  of  sulfuric  anhy- 
dride are  evolved.  Add  a  little  water  and  transfer  the  solution 
to  a  beaker  of  about  150  cc.  capacity  which  fits  in  the  Frary 
apparatus.  Add  5  g.  of  solid  ammonium  sulfate  and  20  to 
30  cc.  of  strong  ammonia  in  excess  of  the  quantity  required  to 
neutralize  the  solution.  Dilute  to  about  KM)  cc.,  place  t  he  beaker 
in  the  Frary  apparatus  and  connect  the  electrodes,  as  well  as  the 
Frary  apparatus  itself,  with  the  source  of  electricity.  \Vith  a 
current  of  5  amperes  passing  through  the  solution  and  a 
current  of  about  the  same  strength  through  the  coil,  the  nickel 

1  The  rapid  method  described  on  p  200  may  be  used  for  the  removal  of  the 
silica. 

2  If  chromic  salts  are  present  during  the  electrolysis,  they  are  oxidised 
to  eliminate  and  interfere  somewhat  with    the  deposition  of   nickel.     The 
addition  of  sodium  hypophosphite  to  the  hath  In-fore  electrolysis  is  recom- 
mended when  a  little  chromium  i>  present. 
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and  cobalt  should  all  be  deposited  in  less  than  half  an  hour.  In 
case  the  gauze  electrode  is  used  with  a  stationary  electrolyte,  a 
current  of  0.7  to  1.0  ampere  should  cause  complete  deposition  in 
1  hr.  To  make  sure  that  the  electrotysis  is  complete,  add  a 
little  water  and  note  whether  any  deposition  of  metal  takes  place 
on  the  freshly  exposed  electrode  surface.  If  this  is  not  the  case, 
withdraw  a  few  drops  of  the  solution  by  means  of  a  pipette  and 
add  it  to  a  drop  of  ammonium  sulfide  on  a  porcelain  spot  plate. 
If  no  brown  precipitate  is  obtained,  the  deposition  is  complete. 
Disconnect  the  cathode,  quickly  withdraw  it  from  the  solu- 
tion and  at  once  transfer  it  to  a  beaker  containing  hot  water 
to  free  it  from  adhering  ammonium  salt.  Rinse  off  the  water 
with  alcohol,  dry  the  electrode  a  short  time  at  110°,  cool  and 
weigh. 

The  deposited  nickel  contains  any  cobalt  that  may  have  been 
present  in  the  sample. 

TEST  ANALYSES 

(a)  Pure  Nickel  Solution. — Duplicate  electrolytic  determina- 
tions with  50-cc.  portions  gave  the  values  0.1504  g.  and  0.1  ">OI 
g.  Ni.  Three  portions  of  the  same  solution  were  analyzed  by  t  he 
dimethylglyoxime  method  and  the  values  0.1502,  0.1505,  and 
0.1503  g.  Ni  were  obtained. 

Two  10-cc.  portions  of  the  same  nickel  solution  (0.0301  g. 
Ni)  were  each  mixed  with  50  cc.  of  pure  ferric  chloride  solution 
(4.8  g.  Fe)  and  to  one  portion  25  cc.  of  manganous  chloride 
solution  (0.6  g.  Mn)  was  also  added.  The  nickel  was  then 
determined  in  each  solution  by  adding  tartaric  acid  and  dimethyl- 
glyoxime with  the  usual  precautions.  The  values  0.0305  g. 
and  0.0303  g.  Ni  were  obtained. 

(6)  Experiments  with  Nickel  Steel. — Using  a  sample  weigh- 
ing 0.5  g.,  the  dimethylglyoxinie  method  gave  22.88  per  cent.  Ni, 
and  with  0.2088  g.  of  the  steel  the  value  23. 00  per  cent.  Ni. 

Using  the  electrolytic  method  and  samples  weighing  rest 
ively  1.000,  :<.<ill,  and  :<.X(Ug.,  the  values  23.  10,  l>:;..')0,  and  2M'1. 
per  cent.  Ni  were  obtained. 

The  difYerence  between  the  values  obtained  l>y  the  two  method- 
was  due  to  the  fact  that  the  steel  contained  about  ()..")!  per  cent, 
of  cobalt. 
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(c)  Determination  of  Nick,  I  /,//  th.  Dimethylglyoxime  Method 
in  Various  Nam  plat  of  C<imm,  rcml  Xfeef.— Five  Kiimplc*  of 

•  •I  ami  cast  iron  with  nickel  content  ranging  from  0.01  to  5.06 
per  cent,  were  analy/.ed  and  in  all  cases  duplicates  agreed  within 
0.01  IHT  cent. 

AcCURAi  ^    "i     nil     \ 'M.I  HI   AND   PERMlsMm.i:    DEVIATIONS 

Owing  to  the  fact  thai  the  cobalt  content  of  different  steels 
varies  considerably,  it  often  happens  that  th<  n-Milts  obtained 
by  the  dimethyl.ulyoxime  method  are  considerably  lower  than 
those  obtained  by  elect  ml\>is. 

If  it  is  desired  to  know  the  content  of  pure  nickel,  the  dimethyl- 
tflyoxime  method  is  the  better  method;  the  electrolytic  deposi- 
tion of  the  two  metals  followed  by  the  determination  of  the 
cobalt  is  a  much  more  tedious  operation. 

The  variations  in  the  weights  of  precipitate  in  duplicate  de- 
terminations with  dimethylglyozime  should  rarely  vary  more 
than  1  or  2  mg.  When  less  than  5  per  cent,  of  nickel  is  present, 
the  determinations  should  agree  within  0.02  per  cent,  and  within 
0.005  per  cent,  if  less  than  1  per  cent,  of  nickel  is  present. 

3.  VOLUMETRIC  DETERMINATION  OF  NICKEL  BY 
POTASSIUM   CYANIDE1 

Principle. — When  an  excess  of  ammonia  is  added  to  a  solution 

containing  nickel  ions,  a  pale  blue  nickel-ammonia  complex 
cation  is  formed.  Thus  with  nickel  chloride  the  reaction  may 
be  written: 

NiCl2  +  6NH3  =  [Ni(NH,)e]Cl, 

This  complex  nickel-ammonia  ion,  Ni(NHs)6"H",  is  fairly  stable 
in  solutions  containing  ammonia,  but  on  adding  potassium  cya- 
nide a  much  more  stable  anion,  Xi(('N)4~,  is  formed 

(Xi(NH,),-,in,  +  4KCN  =  K2[Ni(CN)4]  +  6NH,  +  2KCI 

1  cf.  Campbell  and  Andrews.  .1.  Am.  Chem.  Soc.,  17,  120  (1895);  Moore, 
Chem.  News,  72,  «»'J  iv.>:>i;  (i.-utal.  /.  angpw.  ('hrm.,  1898,  177:  lirrarlrv 
and  .larvis.  ('In-ill.  N«  \vs,  78,  177  and  190;  Johnson,  J.  Am.  Ch«*m.  Sor.,  29, 
1201  (1907);  Campbell  and  Arthur,  iln.l.,  30, 1110  (1908);  Grossmann,Chi  m  - 
Ztg.,32,  !_'_>:;  1908). 


278  ANALYSIS  OF  IRON  AND  STEEL 

The  stability  of  this  nickelo-cyanide  ion  is  so  great,  and  its 
tendency  to  dissociate  into  simple  nickelous  cations  and  cyanide 
anions  is  so  slight,  that  potassium  cyanide  will  not  react  with 
insoluble  silver  iodide  until  all  of  the  nickel-ammonia  ions  have 
disappeared.  If,  then,  the  solution  originally  contained  some 
suspended  silver  iodide,  this  insoluble  compound  will  react  with 
potassium  cyanide,  after  all  the  nickel-ammonia  ions  have  dis- 
appeared, in  accordance  with  the  equation: 

Agl  +  2KCN  ==  K  [Ag(CN)2]  +  KI 

The  stability  of  this  argenticyanide  is  also  very  great.  The 
reason  why  the  potassium  cyanide  reacts  with  the  nickel-am- 
monia cations  rather  than  with  silver  can  be  traced  to  the  fact 
that  more  free  nickel  ions  are  present  in  a  slightly  ammoniacal 
solution  than  there  are  dissolved  silver  ions  in  the  liquid  which 
is  in  contact  with  precipitated  silver  iodide. 

If,  after  all  the  nickel  and  silver  have  reacted  with  the  potas- 
sium cyanide  to  form  complex  anions,  a  little  silver  nitrate 
is  added,  it  reacts  with  the  potassium  iodide  to  form  a  precipi- 
tate of  silver  iodide. 

KI  +  AgN03  =  Agl  +  KN03 

The  volumetric  determination  of  nickel  by  means  of  potassium 
cyanide  consists  in  adding  potassium  cyanide  to  a  nickel-am- 
monia solution  containing  a  known  quantity  of  silver  iodide  until 
the  precipitate  dissolves,  and  then  adding  just  enough  more  silver 
to  produce  a  turbidity  again.  By  deducting  the  volume  of 
potassium  cyanide  required  to  react  with  the  silver  from  the 
total  volume  used,  the  volume  of  potassium  cyanide  required  to 
react  with  the  nickel  is  known. 

The  method  can  be  carried  out  in  the  presence  of  most  of  t  he 
other  elements  of  the  ammonium  sulfide  group.  If  eopper 
is  present  in  quantities  not  exceeding  0.4  per  cent.,  the  cop- 
per will  replace  almost  exactly  three-quarters  of  its  weight  of 
nickel 

When  cobalt  is  present,  the  solution  assumes  a  dark  color 
upon  the  addition  of  potassium  cyanide,  but  if  not  more  than 
one-tenth  of  1  per  cent,  of  this  element  is  pn-srnt  in  the 
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original  -ample,  the  titration  ran  lx>  carried  out  successfully  and 
the  results  represent  the  amount  of  nickel  and  cobalt  present. 

The  determination  may  take  plan-  even  in  the  presence  of 
iron  if  a  considerable  quantity  of  citric  acid  or  tartaric  acid  in 
first  added  to  the  solution.  The  eitric  or  tartaric  acid  prevents 
tin-  pivriphation  of  tiie  iron  by  ammonia.  A  dark-colored  solu- 
tion results  and  the  end  point  cannot  be  distinguished  readily 
unless  a  lar^e  excess  of  the  organic  acid  i-  added.  This  will  also 
prevent  interference  l>y  chromium  present  as  chromic  salt. 

Necessary  Solutions.  Potassium  Cyanide  Solution. — A  con- 
venient strength  is  to  make  it  approximately  equivalent  to  tenth- 
normal  silver  nit iate.  Since  1  atom  of  silver  reacts  with  2 
molecules  of  potassium  cyanide,  it  follows  that  a  tenth-normal 
solution  of  potassium  cyanide  for  this  analysis  should  contain 
one-fifth  of  a  mole  dissolved  in  a  liter.  To  prepare  the  solution, 
therefore,  dissolve  13.5  g.  of  pure  potassium  cyanide  in  water, 
add  5  g.  of  potassium  hydroxide  dissolved  in  water,  and 
dilute  the  solution  to  1  liter.  Potassium  cyanide  containing 
sulfide  cannot  be  used;  it  forms  a  precipitate  of  silver  sulfido 
with  the  silver  added  and  silver  sulfide  is  not  dissolved  by 
potassium  cyanide. 

Tenth-normal  Silver  Nitrate  Solution.  —  Dissolve  exactly 
8.495  g.  of  pure  silver-nitrate  crystals,  that  have  lxM>n  pow- 
dered and  dried  half  an  hour  at  105°,  and  dilute  the  solution 
to  exactly  1  liter  in  a  calibrated  flask. 

Potassium  Iodide  Solution. — Dissolve  2  g.  of  potassium  iodide 
in  100  cc.  of  water. 

To  standardize  the  potassium  cyanide  solution,  measure  out 
about  30  cc.  of  it  from  a  burette,  dilute  to  about  100  cc.,  add  5  cc. 
of  potassium  iodide  solution,  and  titrate  with  silver  nitrate  until 
a  faint  permanent  opa licence  is  obtained.  The  opalescence 
should  be  so  slight  that  it  can  be  cleared  up  by  a  small  drop  of 
potassium  cyanide  solution.  The  reactions  that  take  place  are 
as  follows: 

2KCN  +  AgN03  =  KAg(CN),  +  KNOt 

KI  +  AgNOi,  -  Agl  +  KNOt 

If  any  Agl  is  formed  before  the  first  reaction  is  finished  it  dis- 
solves, 

Agl  +  2KCN  =  KAg(<'N),  +  KI 
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The  end-point  is  sharper  when  potassium  iodide  is  present. 
Without  it,  a  slight  excess  of  AgNOs  would  react  with  the  com- 
plex cyanide  as  follows: 

KAg(CN)2  +  AgNO3  =  KN03  +  2AgCN 

Procedure. — Dissolve  1  g.  of  steel  in  a  casserole  with  10  to 
50  cc.  of  nitric  acid  (sp.  gr.  1.2),  adding  a  little  hydrochloric  acid 
if  necessary.  After  the  steel  has  dissolved,  add  6  or  8  cc.  of  sul- 
furic  acid,  diluted  with  an  equal  volume  of  water,  and  evaporate 
until  fumes  of  sulfuric  acid  are  evolved.  Cool,  add  30  to  40  cc. 
of  water  and  boil  the  contents  of  the  casserole  until  all  the  ferric 
sulfate  has  dissolved.  Transfer  the  solution  to  a  400-cc.  beaker, 
dilute  to  about  300  cc.  and  add  12  g.  of  powdered  citric  acid,  or, 
if  chromium  is  present,  add  twice  as  much  citric  acid.  When 
the  citric  acid  has  all  dissolved  make  the  solution  faintly  but 
distinctly  alkaline  with  ammonia. 

As  the  ammonia  is  added  the  color  of  the  solution  cha 
The  solution  turns  green,  then  yellow,  and  finally  assumes  a 
brownish  shade  when  the  ammonia  is  present  in  excess.     With 
the  large  amount  of  citric  acid  used,  the  color  is  not  such  a  deep 
red  as  when  only  a  little  is  present. 

To  the  cold  solution,  which  is  alkaline  to  litmus  but  does  not 
contain  a  large  excess  of  ammonia,  add  about  2  cc.  of  the  poias- 
sium  iodide  solution  and  enough  of  the  tenth-normal  silver 
nitrate  from  a  burette  to  produce  a  distinct  turbidity".  About 
0.5  cc.  of  silver  nitrate  is  sufficient.  The  solution  is  now  ready 
for  titration  with  potassium  cyanide. 

Add  the  potassium  cyanide  solution,  while  stirring  constantly, 
until  the  precipitate  of  silver  iodide  disappears.  Then  finish  the 
titration  by  adding  just  enough  silver  nitrate  to  cause  t In- 
formation of  a  very  slight  turbidity. 

Computation. — If  1  cc.  of  potassium  cyanide  solution  is  equiva- 
lent to  t  cc.  of  tenth-normal  silver  nitrate  solution,  and  //,  ce. 
of  silver  nitrate  IOLK  ther  with  HZ  cc.  of  potassium  cyanide  are 
used  in  the  analysis  of  a  sample  of  steel  weighing  *  g.,  then 

(nj  -  n,)  0.2934 
per  cent.  Ni  =  - 


NH  A/./ 

NOTE. — Tin-  temperature  of  (In-  solution  .should  not  In-  much  above 
20°  during  tin-  titration.  Too  lame  :m  e\cr>s  of  aiiiinoniu  nhould  not 
he  pre-enl  a-  it  tnnU  to  iln|M*de  the  rulirx*  of  tin-  rrartinn  liy  inakinu 
the  nickel  ammonia  complex  moiv  -tahlr  -«»  that  it.  i>  not  »lcc<>m|>4>-><-d 
rrailily  l»y  the  pota  —  ium  cyanidr 

'IMie  met  hod  is  olten  used  after  the  removal  of  the  iron  by  th«-  cthrr 
method.  It  i-  then  ea^er  to  carry  out  t  he  t  it  rat  ion.  Tin-  n-ulu  are 
accurati . 


CHAPTER  IX 
COBALT 

Cobalt  is  usually  present  to  some  extent  in  all  samples  of  iron 
and  steel  that  contain  nickel.  In  some  special  cases  this  element 
is  an  intentional  constituent. 

DETERMINATION  OF  COBALT  AS  SULFATE 

Principle. — The  complex  thiocyanates  of  nickel  and  cobalt 
may  be  separated  from  one  another  by  treatment  with  a  mixture 
of  amyl  alcohol  and  ether.1 

APPARATUS  AND  SOLUTIONS  REQUIRED 

1.  Rothe  shaking  funnel  (Fig.  120,  p.  184). 

2.  Amyl  alcohol-ether  mixture.     Mix  25  parts  by  volume  of 
ether  with  1  part  of  amyl  alcohol. 

Procedure. — If  the  nickel  content  is  fairly  high,  weigh  out 
about  5  g.  of  the  original  metal,  or  10  g.  if  the  nickel  content  is 
low.  Deposit  the  nickel  and  cobalt  electrolytically,  as  described 
on  p.  274,  and  weigh  the  deposit. 

Dissolve  the  deposited  nickel  and  cobalt  in  a  little  concentrated 
nitric  acid  (sp.  gr.  1.42)  and  carefully  rinse  off  the  electrode. 
To  remove  the  excess  of  acid,  evaporate  the  solution  of  nickel 
and  cobalt  nitrates  just  to  dryness  in  a  porcelain  dish  and  dis- 
solve the  residue  in  a  little  water.  For  each  0.1  g.  of  metal 
present,  add  4  g.  of  pure  ammonium  thiocyanate,  NH4CNS2,  to 
the  concentrated  solution  of  cobalt  and  nickel  nitrates.  Dissolve 
the  salt  by  means  of  a  little  water.  It  is  essential  to  have  a 

1  Rosenhain  and  Huldschinsky  (Ber.,  34,  2050  (1901))  first  proposed  the 
quantitative  application  of  Vogel's  sensitive  test  for  cobalt  in  the  presence 
Of  nickel  (Ber.,  12,  2314  (1879)). 

'Commercial  ammonium  thiocyanate  is  often  impure.  It  is  absolutely 
necessary  that  no  weighable  residue  should  be  obtained  on  heating 
the  salt. 
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saturate!  solution  :tt  thi-  point;  if  necessary,  concentrate  it  by 
evaporation  on  tin-  \\atej-  l.alh.  Tran-h-r  tin-  < onccntra!  1 
solution  to  the  upper  bulb  of  tin-  Rot  he  shaking  funnel  and  rinse 
out  the  evaporating  dish  with  a  little  saturated  ammonium 
thiocyanate  solution.  Then  add  (>()  to  80  cc.  of  the  ainyl  alcohol- 
ether  mixture  and  shake  \moroii>ly.  After  the  mixture  has  In- 
come perfectly  quiet.,  the  upper  layer  in  the  funnel  is  :i  beautiful 
blue  even  when  only  a  little  cobalt  is  present.1  The  eobalt  i- 
present  in  the  ether  layer  as  complex  ammonium  eobaho-thio- 
cyanate  and  the  nickel  remains  in  the  acpieous  solution  as  -imple 
thiocyanate.  Allow  the  lower  layer  in  the  up|>er  hull)  of  the 
funnel  to  run  into  the  lower  bulb  and  rinse  the  former  with  a 
little  saturated  ammonium  thiocyanate  solution.  Add  10 
more  of  saturated  ammonium  thiocyanate  solution  to  the  con- 
tents of  the  upper  bulb  and  40  re.  of  the  ether  mixture  to  tin- 
lower  bulb  and  again  shake  vigorously.  In  this  way  the  re- 
mainder of  the  nickel  in  the  upper  bulb  is  washed  away  from  the 
ether  and  a  little  cobalt  in  the  lower  bulb  is  dissolved  by  tin- 
ether.  Allow  the  liquids  to  stand  until  two  layers  are  well 
separated  in  each  bulb,  and  then  transfer  the  green  nickel  solu- 
tion in  the  lower  bulb  to  a  beaker  and  wash  out  the  sto|>- 
cock  boring,  etc.,  with  a  little  ammonium  thiocyanate  solution. 
Then  transfer  the  aqueous  layer  in  the  upper  bulb  to  the  lo\\«  r 
bulb,  and  rinse  the  upper  bulb  with  a  little  ammonium  thio- 
cyanate solution.  Add  5  or  10  cc.  of  dilute  sulfuric  acid  (1:10) 
to  the  upper  bulb,  close  the  stopcock  and  shake  well.  The  blue 
color  of  the  amyl  alcohol-ether  mixture  will  now  disapjx'ar  and 
the  cobalt  will  pass  into  the  dilute  sulfuric  acid  solution,  im- 
parting a  pink  color  to  it.  The  aqueous  thiocyanate  solution  in 
the  lower  bulb  contains  traces  of  nickel.  Allow  it  to  flow  into 
the  beaker  and  rinse  the  bulb  in  the  usual  manner.  Then 
transfer  the  cobalt  sulfate  solution  in  the  upper  bulb  into  the 
lower  bulb  and  rinse  the  ether-alcohol  remaining  in  the  upjxT 
bulb  with  a  few  drops  of  dilute  sulfuric  acid.  By  shaking, 
the  blue  ether  solution  in  the  lower  bulb  is  now  dceolori/ed.1 
Transfer  the  sulfuric  acid  solution  of  cobalt  sulfate  to  a  weighed 

1  If  a  little  iron  is  present  the  red  color  of  ferric  thiocyanate  causes  a 
composite  colored  layer  and  tin*  iron  contaminates  tin-  final  cobalt  sulfate. 
•Usually  the  ether  is  colop-il  p-oMi>li-bro\\n  by  a  little  fcrri«-  thiocyanate. 
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porcelain  crucible,  rinse  the  ether-alcohol  mixture  in  each  bulb 
with  small  portions  of  dilute  sulfuric  acid  and  add  the  washings 
to  the  contents  of  the  crucible.  Evaporate  to  dry  ness  and  heat 
to  destroy  organic  matter  and  finally  to  remove  the  excess  of 
sulfuric  acid,  as  described  under  Manganese,  p.  188.  Weigh  the 
pink  cobalt  sulfate  and  then  test  it  for  impurities.  Dissolve  it 
in  a  little  water  and  add  ammonia  until  the  solution  is  weakly 
ammoniacal.  If  a  precipitate  of  ferric  hydroxide  is  formed,  filter 
it  off  and  weigh  it.  Add  dimethylglyoxime  solution,  drop  by 
drop,  as  long  as  any  precipitate  continues  to  form.  Allow  the 
solution  to  stand  half  an  hour  in  a  warm  place  and  then  filter  off 
the  precipitate  of  nickel  salt  upon  a  small  filter.  Wash  it 
thoroughly  with  hot  water,  ignite  it  and  weigh  as  nickelous  oxide, 
NiO. 

The  quantity  of  cobalt  present  is  computed  by  deducting  from 
the  original  weight  of  cobalt  sulfate,  the  weight  of  ferric  oxide1 
obtained,  and  of  nickel  sulfate  corresponding  to  the  weight  of 
oxide  obtained  after  igniting  the  glyoxime  precipitate. 

To  weigh  the  cobalt  itself  after  purification,  evaporate  the 
filtrate  from  the  nickel  precipitate  in  a  weighed  porcelain  crucible, 
ignite  the  residue  after  moistening  it  with  a  little  nitric  acid  and 
a  drop  of  sulfuric  acid,  and  heat  to  constant  weight  as  described 
under  Manganese,  p.  195.  Or,  the  cobalt  sulfate  solution  may 
be  dissolved  in  water  and  the  ammoniacal  solution  electrolysed 
as  described  under  Nickel,  p.  274. 

Computation. — If  p  represents  the  weight  of  pure  cobalt  sulfate 
obtained  in  the  analysis  of  s  g.  of  metal,  then 

38.03  p 

per   cent.   Co  =  - 

S 

Test  Analyses.  1.  Separation  of  Nickel  and  Cobalt  in  Solutions 
of  Pure  Salts. — Twenty-five-cubic-centimeter  portions  of  a  nickel 
chloride  solution  containing  0.0245  g.  nickel  were  mixed  with 
25-cc.  portions  of  cobalt  chloride  solution  containing  0.0110  g. 
cobalt.  The  cobalt  was  determined  as  sulfate  according  to  tin- 
above  directions  and  in  three  experiments  the  results  obtained 
were  0.0115  and  0.0114  and  0.01 22 g.  cobalt.  Tin- cobalt  sulfate 

ric  sulfate  changes  to  ferric  oxide  and  sulfuric  anhydride  at  tempera- 
tures at  which  nickel,  cobalt  and  manganese  sul fates  are  more  stable. 
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obtained  in  the  thud  experiment  was  impure*.  It  was  dissolved 
and  the  ammoniacal  >nlutinn  <  -I.  •«  -trolyzed;  0.0114  g.  cobalt  wits 
t  lini  obtained. 

2.  Analysis  of  Nickel  Steel.  —  The    nickel  and  cobalt    were 
determined    t<>uHher    by    the   electrolytic    method   described   Oil 
p.  274.     The  results  of  two  experiments  gave  the  values  '2X..rA) 
and    23.46   per   cent.  Xi  -f  Co.     From  the  electrolytic  deposit, 
the   impure  cobalt  sulfate  obtained  by  the  above  method  indi- 
cated (MM  and  0.67  percent.  C'o  but  after  dissolving  the  sulfute 
and    determining    the  cobalt    elect  rolytieally   the   results   were 
O.iis  and  (>.:>!>  per  cent.  Co.     The  values  obtained  by  deducting 
the   \vt  -iiiht    of   the  nickel  as  determined  by  precipitation  with 
dimethylglyoxime  from   the  weight  of  the  cobalt  and   nickel 
deposit,  averaged  0.51  per  cent. 

3.  Cobalt  Content  of  Commercial  Nickel  —  Duplicate  dctermi- 
nations  of  the  cobalt  content  of  a  sample  of  commercial  nickel 

the  values  0.88  and  0.89  per  cent,  cobalt.1 


1  Commercial  nickel  sometimes  contains  a  little  zinc.  This  will  come  down 
with  the  cobalt  in  tin*  dec  tn>l\  tic  determination  and  will  also  follow  the 
cobalt  in  the  potassium  thiocyanate  separation. 


CHAPTER  X 
CHROMIUM 

Chromium  to  some  extent,  though  not  usually  more  than  0.1 
per  cent.,  is  present  in  nearly  all  samples  of  iron  and  steel. 
Special  steels  are  prepared  by  the  addition  of  chromium,  or 
chromium  alloy,  to  steel;  in  this  way  chrome,  chrome-nickel, 
silicon-chrome,  chrome-tungsten  and  chrome-vanadium  steels 
are  prepared.  In  the  preparation  of  these  steels,  ferrochrome 
and  chrome-manganese  are  used  chiefly.  The  chromium  con- 
tent of  these  two  alloys  varies  considerably. 

1.  DETERMINATION  OF  CHROMIUM  IN  MATERIALS  SOLUBLE  IN 

ACID 

(a)  ETHER  METHOD 

Principle. — In  the  trivalent  condition,  chromium,  like  man- 
ganese, nickel,  cobalt  and  aluminium,  may  be  separated  from 
ferric  iron  by  shaking  the  hydrochloric  acid  solution,  of  suitable 
concentration,  with  ether.  In  the  solution  which  has  been  freed 
from  the  greater  part  of  the  iron,  the  trivalent  chromic  ions  may 
be  oxidized  to  hexavalent  chromic  acid  ions  and  the  chromium 
can  then  be  determined  either  gravimetrically  or  volumetrically. 

Necessary  Apparatus  and  Solutions. — The  necessary  upparat  us 
and  solutions  including  the  Rothe  shaking  funnel,  ether-hydro- 
chloric  acid  solutions,  and  platinum  dish,  have  already  been 
described  under  Manganese,  p.  185. 

According  to  the  method  chosen  for  the  final  determination  of 
the  chromium,  various  other  solutions  are  necessary.  If  the 
chromium  is  to  be  determined  iodonu  t  ii<  ally,  a  standardized 
tenth-normal  solution  of  sodium  thiosulfate  is  needed;  if  it  is  to 
be  determined  by  the  permanganate  method,  standardized  solu- 
tions of  potassium  permanganate  and  ferrous  sulfate  are  neces- 
sary. To  determine  the  chromium  gravimetrically.  the  method 
to  be  described  requires  a  solution  of  mereuruus  nitrate. 
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PREPARATION  AND  STANDARDIZATION  op  TENTH-NORMAL  SODIUM 
THIOSULFATE  SOLUTION 

Dissolve  124.5  to  125  g.  of  pure  sodium  thiosulfato  crystals, 
NajS2Oj.5H20,  in  water  that  has  been  boiled  to  expel  carbonic 
acid  and  then  cooled.  The  solution  may  be  standardized 
against  potassium  permanganate  solution  which  haa  been 
titrated  against  pure  ><  ..1mm  oxalate.  The  procedure  is  the  same 
as  was  described  under  Manganese,  p.  206,  for  the  standardiza- 
tion of  permanganate  against  iodine  solution.  Another  excellent 
method  of  standardizing  the  thiosulfate  solution  is  to  titrate  it 
against  pure  iodine. 

To  prepare  the  pure  iodine,  mix  5  to  6  g.  of  pure,  commercial 
iodine  crystals  with  2  g.  of  potassium  iodide,1  place  the  mixture 
in  a  dry  beaker  of  150-300  cc.  capacity  and  cover  the  beaker 
with  a  300  cc.  round-bottomed  flask,  filled  with  water  at  the  room 
temperature.  Heat  the  bottom  of  the  beaker  over  wire  gauze 
by  means  of  a  small  gas  flame.  In  a  short  time  the  greater  part 
of  the  iodine  will  have  sublimed  from  the  bottom  of  the  beaker 
and  will  have  condensed  upon  the  colder  bottom  of  the  round- 
bottomed  flask.  Scrape  the  iodine  crystals  into  a  fresh  beaker 
and  repeat  the  sublimation  without  the  use  of  potassium  iodide, 
in  order  to  get  a  perfectly  pure  product.  Break  up  the  crystals 
obtained  by  the  second  sublimation  by  pressing  them  with  a 
pestle  in  an  agate  mortar,  place  them  on  a  watch-glass  and  dry 
in  a  desiccator  over  calcium  chloride  for  24  hr;  the  top  of  the 
desiccator  should  not  be  greased.1 

Place  2  g.  of  pure  potassium  iodide  and  not  over  0.5  cc.  of 
\\  at  er  in  a  small  glass-stoppered  weighing  tube  and  weigh  carefully 
to  0.1  mg.  Open  the  stopper  and  introduce  about  0.5  g.  of  the 
purified  and  dried  iodine,  which  dissolves  quickly  in  the  con- 
centrated potassium  iodide  solution,  insert  the  stopper  and 
weigh  again. 

Hold  the  weighing  tube  over  a  500  cc.  Erlenmeyer  flask  con- 
taining about  1  g.  of  pure  potassium  iodide  dissolved  in200cc. 

1  The  iodide  should  be  free  from  iodate,  as  shown  by  dissolving  a  little  of 
it  and  adding  a  little  pure  hydrochloric  acid;  no  iodine  should  be  set  free  to 
color  starch  solution. 

2  Grease  is  likely  to  be  attacked  by  the  iodine  vapor  forming  hydriodic 
acid  which  may  contaminate  the  iodine  crystals. 
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of  water.  Open  the  stopper  of  the  weighing  tube  and  at  once 
drop  the  tube  and  its  contents  into  the  dilute  potassium  iodide 
solution.  In  this  way  there  is  no  chance  of  losing  an  appreciable 
quantity  of  iodine  by  vaporization.  Titrate  the  iodine  with 
tenth-normal  sodium  thiosulfate  until  the  iodine  color  fade 
pale  yellow,  then  add  2  cc.  of  freshly  prepared  starch  solution1 
and  continue  adding  the  sodium  thiosulfate  solution,  drop  by 
drop,  till  the  blue  color  just  disappears. 

During  the  titration,  the  following  reaction  takes  place: 

I,  +  2Na2S2O3  =  Na2S4O6  +  2N:iI 

If  the  sodium  thiosulfate  solution  is  exactly  tenth-normal,  1 
liter  of  it  will  react  with  exactly  one-tenth  the  atomic  weight  of 
iodine,  or  1  cc.  is  equivalent  to  0.01269  g.  iodine.  It  is  usually 
not  worth  while  to  make  the  solution  exactly  tenth-normal.  By 
dividing  the  weight  of  iodine  neutralized  by  1  cc.  by  0.1 209, 
the  relation  of  the  solution  to  the  normal  solution  can  be 
obtained  and  this  value  may  be  called  the  normality  of  the 
solution.  The  inconvenience  resulting  from  the  use  of  such  a 
fraction  is  very  slight. 

The  reaction  between  the  chromate  and  iodine  ions  in  acid 
solution  may  be  expressed  as  follows: 

2CrO4-  +  61-  +  16H+  ==  2Cr  +  +  +  +  8H2O  +  3I2 

This  equation  shows  that  1  atom  of  chromium  is  equivalent 
to  3  atoms  of  iodine  or  1  cc.  of  normal  sodium  thiosulfate 
solution  is  equivalent  to  0.01733  g.  of  Cr.  By  multiplying  this 
last  value  by  the  value  expressing  the  relation  of  the  sodium 
thiosulfate  solution  to  the  normal  solution,  i.e.,  its  normality,  the 
value  of  1  cc.  of  the  thiosulfate  solution  in  terms  of  chromium 
is  obtained. 

Preparation  and  Standardization  of  Permanganate  and  Ferrous 
Sulfate  Solutions. — A  suitable  solution  of  permanganate  may  l>e 
l>rr|>;ired  by  dissolving  about  16  g.  of  potassium  permanganate 
in  5  liters  of  water.  The  preparation  and  standardization  of 
such  a  solution  was  di-i-u—rd  under  Manuanrsr.  p.  204. 

To  prepare  a  ferrous  sulfate  solution  nf  rnnvsponding  roneen- 

1  The  starch  solution  is  prcpum!  t>y  dissolving  O.'i  g.  of  sohiblr  starch 
in  25  cc.  of  hot  water.  It  is  ready  for  use  as  soon  as  it  cools. 
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tration,  dissolve  oOg.  of  pun-  fernm-   uli  ate  crystals,  Fc8O4.7l!  •  • 

in  water,  ad.l  loo  cc.  of  coin-mi  rated  sulfuric  acid,  and  dilute  to 
2  liters. 

The  ferrou>  sulfat.-  -nluiimi  i-  n..f  v.-ry  stable  but  gradually 
weakens  owing  to  tli.  \idatiouof  the  ferrous  ions.  Plor 

(In-  reason,  its  strength  compared  with  that  of  tin-  |>ermanga- 
nate  must  l»e  determined  on  the  same  day  that  the  analysis  for 
chromium  is  made.  Mca-ure  out  a  portion  of  the  solution  by 
means  of  a  pipette,  dilute  to  KM)  cc.  and  titnite  with  perman- 
ganate. Use  the  same  quantity  of  ferrous  sulfate  as  in  the 
analysis  for  chromium.  The  quantity  ehosen  must  be  sufficient 
to  react  with  all  the  chromium  present  so  that  an  excess  remains 
to  be  titrated  with  permanganate.  Then,  by  subtracting  the 
volume  of  permanganate  used  in  titrating  the  excess  of  ferrous 
sulfate  in  an  analysis,  from  the  volume  of  permanganate  which 
has  been  found  to  he  required  for  all  of  the  ferrous  sulfate  used, 
the  difference  gives  the  volume  of  permanganate  which  is 
equivalent  to  the  chromium  in  the  sample. 

The  reaction  between  the  chromate  and  ferrous  ions  may  IN* 
expressed  as  follow-: 


CrO4--+3Fe+++8H+  = 
The  reaction  between  ferrous  and  permanganate  ions  is: 
MnO4-  +  5Fe  +  ++8H+  =  Mn  +  +  +  5Fe  +  +  +  +  4H,O 


Since  the  change  in  valence  of  the  chromium  is  three,  it  is  clear 
that    1    cc.    of   normal    permanganate  is  equivalent  to  o^wuj  = 

0.01733  g.  Cr,  as  in  the  tit  rat  ion  with  sodium  thiosulfate. 

In  the  standardization  of  the  permanganate  against    sodium 
oxalate  the  reaction  is 

5C,04-    +  2Mn04-  +  16H+  =  lOCOt  +  2Mn++  +  8H,O 

If  n  cc.  of  permanganate  are  used  in  titrating  e  g.  of  sodium 
oxalate  then  the  normality  of  the  permanganate  solution  is 

e  e 

~~N^~iO4  =  0.067n 
n'     2000 
10 
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and  the  value  of  1  cc.  permanganate  in  terms  of  chromium  is 

0.0t733  X  e  _e 

0.067n  -•  °-2587  g.C 

Mercurous  Nitrate  Solution. — Pulverize  100  g.  of  pure  mer- 
curous  nitrate  and  shake  it  with  water  in  a  glass-stoppered  liter 
bottle. 

To  prevent  oxidation,  add  a  little  pure  mercury.  The  mer- 
curous  nitrate  is  hydrolyzed  to  some  extent  so  that  the  solu- 
tion always  contains  free  acid  and  some  basic  mercurous  nitrate 
remains  at  the  bottom  of  the  bottle. 

Procedure. — Of  pig  iron  and  steel  with  low  chromium  con- 
tent take  10  to  15  g.,  of  richer  materials  4  to  5  g.  Dissolve  the 
sample  in  a  porcelain  dish  with  dilute  nitric  acid1  (sp.  gr.  1.2), 
evaporate  to  dryncss,  destroy  the  nitrates,  take  up  with  hydro- 
chloric acid  and  remove  the  silica  as  in  Method  IB,  p.  173. 2 

The  silica  frequently  holds  back  a  little  chromium.  After 
volatilizing  the  silica  with  sulfuric  and  hydrofluoric  acids,  there- 
fore, test  for  chromium.  Mix  it  in  the  platinum  crucible 
with  a  little  magnesia-sodium  carbonate  mixture  and  heat 
strongly  for  half  an  hour.  Extract  the  product  obtained  with  hot 
water  to  dissolve  the  sodium  chromate.  Filter  off  the  residue 
and  acidify  the  filtrate  with  hydrochloric  acid.  Add  about  0.25  g. 
of  potassium  iodide  and  titrate  any  liberated  iodine  with  the 
tenth-normal  sodium  thiosulfate  solution.  Instead  of  titrating 
the  sodium  chromate,  it  can  be  treated  as  described  on  p.  293  and 
the  chromium  weighed  as  oxide. 

Evaporate  the  filtrate  from  the  silica,  and  shake  with  ether 
as  described  on  p.  185. 

Precipitate  the  copper  as  sulfide  from  the  hydrochloric  acid 
solution  and  in  the  filtrate  carry  out  the  treatment  with  caustic 
soda  and  sodium  peroxide  as  described  on  p.  189. 

Treat  the  fusion  in  the  platinum  dish  with  water;  all  the  chro- 
mium goes  into  solution  as  sodium  chromate  and  part  of  the 

1  Some  samples  of  materials  rich  in  chromium  do  not  dissolve  readily  in 
nitric  arid;  in  such  cases  concentrated  hydrochloric  acid,  without  the  use  of 
an  oxidizing  agent,  m:iy  IK*  used.  If  this  dis>n|ves  (lie  sample,  evaporate 
to  dryncss.  remove  the  silica  l»y  Met  hud  1A,  p.  Hi'.*,  oxidi/e  the  iron  with 
nitric  acid  and  prepare  for  the  ether  separation  in  the  usual  way. 

1  To  hasten  the  process,  the  procedure  described  on  p.  200,  may  be  used 
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manganese  dissolves  as  sodium  manganatc,  imparting  a  green 
color  to  the  solution.  In  caw  the  excess  of  sodium  |H-m\ide  used 
is  insufficient  to  convert  tin-  manganese  to  manganese  dioxide  on 
boiling  the  solution,1  add  one  or  two  knife-bladefuls  more  of  thin 
reagent,  stir  well  am!  cover  with  a  watch-glass. 

Transfer  the  solution  to  a  3(K)  <•<•.  beaker,  dilute  with  writ- 
about  200  cc.,  and  allow  the  precipitate  to  settle  while  heating 
on  the  water  hath.  Cool,  filter  the  clear  solution,  which  is 
colored  more  or  less  yellow  according  to  the  quantity  of  chromium 
present,  and  wash  the  precipitate,  which  contains  all  the  man- 
ganese, nickel,  cobalt  and  residual  iron,  with  hot  water  until 
the  washings  are  no  longer  alkaline  to  litmus.  The  precipitate 
may  l>e  used  for  the  determination  of  manganese,  nickel  and 
cobalt.  The  aqueous  solution  may  contain  he-ides  sodium 
chromate,  some  sodium  phosphate  and  sodium  vanadate  accord- 
ing to  the  extent  that  these  elements  are  present  in  the  original 
material.  If  vanadate  is  present  it  interferes  somewhat  with  the 
iodometric  determination  of  the  chromium,  as  it  is  reduced  slowly 
by  means  of  hydriodic  acid.  It  is  hard  to  get  a  good  end  point 
with  sodium  thiosulfate  and  the  results  for  chromium  are  too 
high. 

It  is  also  claimed  that  vanadic  acid  influences  tho  volumetric 
estimation  of  the  chromium  when  ferrous  sulfate  and  potassium 
permanganate  are  used  in  the  titration,  though  Campagne  has 
shown  that  good  results  can  he  obtained  in  the  presence  of 
vanadium. 

It  is  safer  to  remove  the  vanadium  before  attempting  to  titrate 
the  chromium. 

By  treating  the  aqueous  solution  with  mercurous  nitrate 
solution,  mercurous  chromate,  phosphate  and  vanadate  are 
precipitated. 

To  recover  the  chromium  in  it,  this  precipitate  must  be  fil- 
tered off,  the  filter  and  precipitate  ignited,  the  mercury  volatil- 
i/ed  and  the  residue  subjected  to  a  suitable  fusion  process 
(cf.  pp.  189,  294,  298). 

If  the  chromate  solution  shows  only  a  slight  pale  yellow  color, 
the  whole  of  it  may  he  taken  for  the  chromium  titration.  If 
much  chromium  is  present,  as  shown  by  a  deep  yellow  color, 

1  In  such  cases  purple  permanganate  ions  are  usually  present. 
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transfer  the  solution  to  a  500  cc.  calibrated  flask  and  take  an 
aliquot  part,  e.g.,  50  cc.  for  the  titration. 

It  is  not  advisable  to  attempt  to  titrate  more  than  0.1  g.  of 
chromium  or  the  solutions,  toward  the  end  of  the  titration,  will 
become  so  green  with  chromic  ions  that  it  is  difficult  to  detect 
the  correct  end  point.  This  is  true  whether  the  determination 
is  carried  out  by  the  iodometric  method  or  by  means  of  ferrous 
sulfate  and  permanganate.  When  strongly  colored,  it  is  necessary 
to  dilute  largely  before  titrating. 

a.  Iodometric  Determination  of  Chromium. — Before  acidifying 
the  alkaline  chromate  solution,  it  is  necessary  to  decompose  the 
excess  sodium  peroxide  by  boiling.  If  any  of  it  is  left  undecom- 
posed,  hydrogen  peroxide  is  formed  on  making  the  solution  acid. 
This  may  unite  with  the  chromic  acidtofonn  blue  perchromic  acid 
which  is  not  very  stable  and  decomposes  readily  into  chromic 
salt.  Some  of  the  chromium,  therefore,  is  likely  to  miss  the  ti- 
tration if  any  hydrogen  peroxide  is  formed.  After  decomposing 
all  the  excess  of  sodium  peroxide,  transfer  the  solution  to  a  600 
cc.  Erlenmeyer  flask,  acidify  the  cold  solution  with  hydrochloric 
acid,  and  add  1  g.  of  pure  potassium  iodide,  which  must  be 
free  from  iodate,1  to  about  200  to  300  cc.  and  tit  rate  with  thiosul- 
fate  solution  until  the  iodine  color  fades  to  a  pale  yellow,  then  add 
2  cc.  of  starch  solution  and  titrate  till  the  blue  color  just  dis- 
appears. 

Computation. — If  in  the  analysis  of  s  g.  of  material,  n  cc.  of 
/-normal  thiosulfate  solution  were  used,  including  that  required 
for  titrating  the  chromium  found  in  the  residue  from  the 
silica,  then 

percent.  Cr  =  1.733/- 
s 

The  value/,  as  described  on  p.  289,  is  obtained  by  dividing  tin- 
value  of  1  cc.  of  the  sodium  thiosulfate  solution  in  terms  of  the 
substance  against  which  it  is  standardized  by  the  value  of  1  cc, 
of  a  normal  solution  of  sodium  thiosulfate  in  terms  of  the  same 
substance. 

(0)  Titration  with  Ferrous  Sulfate  and  Permanganate. — To 
the  chromate  solution  freed  from  excess  of  sodium  peroxide,  a*  in 

i  cf.  pp.  206,  287. 
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Method  a,  add  dilute  >ulfuric  acid   i  I  :  |()    n,  mod<-nit6  exCGHH  mid 
dilute  the  >olution  to  abou  \dd,  l,y  IIH  MI.-  '.I   :i  pq»eUe, 

'jr.  or  .".II  IT.  of  frrrous  -ull'alr  solution.       1-jmuu'ti   fi  ilfate 

MUM  l.c  used  to  reduce  all  of  tin-  yellow  chromate  ion  to  green 
rlirnmir  ion.  If  more  than  ~>u  00.  U€  required  to  aecomph-h 
•eduction,  it  is  advi-able  to  work  with  a  smaller  sample, 
ohtained  by  taking  an  aliquot  part  of  the  solution  as  already 
described. 

Then,  without  allowing  the  solution  to  stand  very  long,  titrate 
slowly  with  permanganate.  Titrate  a  l'iv-h  portion  of  the  fenou» 
sulfate  solution  alone  against  the  prrinanuanaie,  u-int:  the  BUM 
pipette  that  was  used  in  the  analysis. 

Computation.— If  a   re.   of  /-normal    permanganate   v. 
in  titrating  a  pipetteful  of  ferrous  sulfate  and   //  er.    of  jM-rman- 
ganate  were  used  in  the  analysis  of  .v  g.  of  material,  then 

1.  ?:«/<«  -6) 

per  cent.  (   r  = 

or,  if  T  represents  the  value  of   1    <T.   permanganate  in  terms  of 
chromium  (p.  290). 


inn  T  (a  -6) 

per  cent.  (    r   = 


(7)  Precipitation  with  Mercurous  Nit  ml*'  X(dution. — For  the 

chromium  determination  use  all  or  :i  part  of  the  filtrate  from  the 
fu>ion  with  sodium  peroxide  (p.  189)  according  to  the  amount 
of  chromium  present. 

Transfer  the  solution  to  a  300-400-ee.  heaker  and  cautiou-ly 
neutral  i/.e  it  with  dilute  nitric  acid.  Stop  adding  the  acid  as  soon 
as  a  piece  of  litmus  paper  in  the  solution  assumes  a  wine-red  color. 
Then  add  memirous  nitrate  solution,  cover  the  heaker  with  :i 
watch-glass  and  )>oil  the  solution  a  short  time.  Allow  the 
precipitate,  which  is  gray  or  grayish  nieen  when  thrown  down 
from  faintly  alkaline  solutions,  and  red  (or  yellow)  when  thrown 
down  from  faintly  acid  solutions,  to  settle  to  the  bottom 
of  the  l»eaker  and  test  with  more  mercmou-  nitrate  solution  to 
see  if  the  precipitation  is  complete. 

The  memirous  nitrate  solution  is  always  slightly  acid  BB  A 
result  of  the  hydrol\-i-.  -o  that,  when  much  of  the  reagent  is 
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added,  the  solution  may  become  so  acid  that  the  precipitation 
of  the  chromic  acid  is  incomplete.  In  such  cases  a  few  drops 
of  ammonia  may  be  added  and  the  solution  again  heated.  This 
must  be  done  with  caution,  for  an  excess  of  ammonia  will  cause 
the  formation  of  soluble  ammonium  chromate  and  the  precip- 
itation of  the  chromic  acid  will  be  incomplete.  After  the  pre- 
cipitate has  settled,  test  again  with  a  little  more  mercurous 
nitrate  solution.  Filter  off  the  precipitate  through  an  ashless 
filter  paper  and  wash  it  first  with  pure  water  and  finally  with 
very  dilute  mercurous  nitrate  solution  (25  cc.  of  the  reagent 
diluted  to  500  cc.).  If  it  is  intended  to  purify  the  precipitate,  it 
is  not  necessary  to  wash  it  entirely  free  from  alkali  salts. 

Ignite  the  filter  together  with  the  precipitate  in  an  open  plati- 
num crucible  under  a  good  hood  (on  account  of  the  poisonous 
vapors)  and  finally  heat  strongly.  Sometimes  the  ignited 
chromic  oxide,  Cr2O3,  which  is  formed  by  the  ignition  of  the 
mercurous  chromate,  is  pure  enough  to  weigh.  This  is  seldom 
the  case  in  the  analysis  of  steel.  Of  the  elements  likely  to  be 
present  in  steel,  mercurous  nitrate  solution  will  precipitate  the 
phosphorus  as  phosphate,  the  vanadium  as  vanadate,  tho 
tungsten  as  tungstate,  and  the  molybdenum  as  molybdate.  Of 
these  elements,  phosphorus  and  vanadium  are  the  only  ones  that 
need  be  considered.  The  tungstic  acid  will  be  precipitated 
practically  completely  with  the  silica  and  will  be  left  as  a  yellow 
residue  after  the  volatilization  of  the  silicon  as  fluoride.  Molyb- 
denum follows  the  iron  in  the  ether  separation  so  that  very  little 
of  it  can  be  present  at  this  stage  in  the  analysis.  The  method 
of  purifying  the  precipitate,  however,  would  serve  equally  well 
for  separating  chromium  from  phosphorus,  vanadium,  tungsten 
and  molybdenum. 

Purification  of  the  Impure  Chromic  Oxide. — The  purification 
process  to  be  described  depends  upon  the  fact  that  it  is  possible 
by  means  of  an  alkaline  reducing  fusion  to  keep  the  chromium 
as  insoluble  chromic  oxide  while  converting  the  impurities  into 
soluble  alkali  salts.  A  suitable  flux  is  prepared  by  mixing  \ 
parts  of  pun-  double  carbonate  of  sodium  and  potassium  with  1 
part  of  pure  potassium  acid  tartrate.  Instead  of  the  double  car- 
bonate, sodium  carbonate  may  be  used.  (Another  suitable  flux 
may  be  prepared  with  sodium  carbonate  and  sodium  acetate.) 


Commercial  potassium  acid  laitrate  (tTCAlU  of  tartar)   IK  likely 

to  contain  a  little  calcium  sulfate.     In  CAM  pun-  (MittiNHium  acid 

tart  rat«-  is  not    at    hand,  it    may   be   prepared  l.y  adding  a  filtered 

solution  of  150  g.  of  taitain  a. -i. I  to  an  a<|ti< OHM  solution  of  ."»«; 
g.  <)f  pure  can-tie  potash.  Cool  the  solution,  filter  oflf  the? 
crystals  with  the  aid  of  suction,  and  <lry  them  at  in.",  in  the  hot 
closet. 

Mix  the  impure  chromic  oxide  in  the  platinum  crucible  with 
8  to  10  times  as  much  of  the  carl  M>nate-t  art  rate  mixture  and 
heat  with  a  moderate  flame.  The  potassium  arid  tart  rate  8OOH 
begins  to  decompose.  Hai>e  the  cover  of  the  crucible  and  \\at.-h 
the  carboni/ation  and  fusing  together  of  the  contents.  The  CUT- 
bon  that  is  deposited  from  the  tart  rate  gradually  oxidizes  to  car- 
bonic oxide  gas  in  the  fusion  mixture.  As  soon  as  nearly  all  of 
the  free  carbon  is  gone,  stop  fusing. 

Special  attention  must  .he  paid  to  the  proper  timing  of  the  fu- 
sion. If  it  is  continued  too  long,  some  of  t  lie  chromic  oxide  will  In- 
oxidized  to  chromate,  imparting  a  yellow  color  to  the  fusion.  If 
the  fusion  is  not  continued  long  enough,  some  of  the  impurities 
may  not  be  converted  to  soluble  alkali  salts. 

If  considerable  chromic  oxide  is  to  be  purified,  it  is  rather 
better  to  fuse  it  first  with  pure  sodium  carbonate  and  then  reduce 
the  chromate  by  the  addition  of  potassium  acid  tartrate  fin- 
ishing the  treatment  as  described. 

After  cooliim.  place  the  crii.-ible  in  a  small  beaker  and  warm 
the  melt  with  a  little  water.  When  all  of  the  alkali  salts  have 
dissolved,  remove  the  crucible,  washing  it  well  with  hot  water,  and 
filter  the  solution  through  an  ashless  filter.  ( 'hromic  oxide,  mixed 
with  some  charcoal,  remains  behind  upon  the  filter.  Wash  the 
filter  and  precipitate  thoroughly  with  hot  water  and  finally  with 
a  few  drops  of  very  dilute  nitric  acid,  to  make  sure  that  all  the 
alkali  salts  are  dissolved.  Ignite  the  precipitate  in  a  platinum 
crucible  and  weigh  the  green  chromic  oxide.  ( 'r^Of. 

If  desired,  the  purity  of  the  chromic  oxide  may  be  verified  by 
fii-iiiir  it  with  mau-m-ia-sodiuin  carbonate  mixture  (p.  290) 
dissolving  the  sodium  chromate  in  water  and  titrating  the  chro- 
inate  in  acid  solution  by  either  Method  a  or  Method  0. 

The  filtrate  from  the  fusion  for  the  purification  of  the  chromic 
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oxide  may  be  used  for  the  determination  of  phosphorus  or  of 
vanadium. 

Computation. — If  p  g.  of  chromic  oxide  were  obtained  in  the 
analysis  of  a  sample  weighing  s  g.  then 

2Cr  X  p  X  100       68.42p 
per  cent.  Cr   =  — 0    £- 

Cr2O3  Xs  s 

The  chromium  carried  down  by  the  silica  must  also  be  taken  into 
consideration  (p.  290). 

(1))  RAPID  METHODS  FOR  THE  DETERMINATION  OF  CHROMIUM 

In  a  busy  chemical  laboratory  it  is  often  necessary  to  determine 
the  chromium  content  of  a  sample  of  iron  or  steel  very  quickly. 
Many  rapid  methods  have  been  proposed  and  most  of  them,  if 
the  analyst  is  familiar  with  the  proper  technique,  give  results 
which  are  nearly,  if  not  quite,  as  accurate  as  those  obtained  by 
one  of  the  longer  methods.  Two  such  methods  will  be  described. 

(a)  BARBA'S  METHODI 

Principle. — The  chromium  is  oxidized  to  chromic  acid  in  sul- 
furic  acid  solution  by  means  of  potassium  permanganate,  the 
excess  of  the  latter  is  reduced  by  making  the  solution  ammoniacal 
and  Ixnling,  and  the  chromium  is  determined  by  the  ferrous  sul- 
fate-perinanganate  method. 

Procedure. — Dissolve  1.25  g.  of  steel  in  20  cc.  of  dilute  sul- 
furic  acid  (1:5).  If  an  insoluble  residue  remains,  test  it  for 
chromium  as  described  on  p.  290.  Add  concentrated  nitric  arid. 
drop  by  drop,  to  the  hot  solution  until  the  iron  is  all  oxidized  to 
the  ferric  condition.  About  2  cc.  are  sufficient.  Boil  to  remove 
nitrous  fumes  and  add  from  a  pipette  5  cc.  of  concent  rate*  1  po- 
sium  permanganate  solution  ((>  g.  KMnOi  :1 00  cc.  water).  H°i' 
the  solution  briskly  for  15  to  20  min.,  then  wash  down  the  sides 
of  the  beaker,  and  add  25  cc.  of  strong  ammonia  (sp.  gr.  O.W) 
pouring  it  down  the  sides.  Stir  well  and  replace  the  beaker  on  ;i 
cooler  part  of  the  hot  plate  to  avoid  "Lumping."  Stir  occasion- 
ally and  digest  about  15  min.,  or  until  the  permanganate  is  all 

1  The  Iron  Ago,  62,  I    ; 


nposed     Add  cautiuu-l\   -jo  ilfuric  acid  (1:1 

bring    I"  -'  iientle  ln.il.       Then   ronl  the  solution  tO  rOOIIl  tcill|M*ril- 
hire  and    traiiM-M  ila-k.      Make  up  to  the  murk  and 

mix  thoroughly  by  pouring  the  solution   hark  ami  forth  into  a 
beaker  Beveral  times,     Filter  through  a  dry  filter  into  a  dry 

beaker,  rejecting   the  first    few  <-.-..   aii<l    u-e  an   aliquot   part  of 
the  filtrate,  usually  200  CC.  (~   1  g.   of  tin- 

I  Determine  tin-  chromium  by  adding  ferrous  sulfate  and  titrat- 
ing the  excess  with  prrnianira-  p.  202). 

(0)  HI>MI  i  ii  \  1 1.  Mi  i  HOD 

Principle.  In  cold  solutions  containing  20  10  per  cent,  of  con- 
centrated nitric  acid,  manganese  can  be  oxidized  from  the  l»iva- 
Irnt  to  lirptavalrnt  condition.  Chromium  is  oxidized  so  slowly 
uudcrsuch  conditions  that,  if  the  solution  is  promptly  filii-n-d.  thr 
manganrsr  may  !»<•  titratrd  \>y  the  ferrous  sulfate-prrman^anate 
method  (cf.  p.  216).  In  hot  solutions  permanganic  acid  in 
contact  with  sodium  hismutliate  i>  decnmpo-.-d.  usually  formiiiK 
manganese  dioxide,  and  chromium  is  oxidized  from  the  trivalent 
to  hexavalent  condition.  In  hot  solutions,  therefore,  chromium 
can  l>e  determined  \>\  the  ferrous  sulfate-permanganate  method, 
without  the  manganese  doing  any  harm.  Some  chemists,  in  fact, 
have  intentionally  added  maimane-e  to  the  solution  becau-e 
manganese  dioxide  will  oxidi/e  chromium. 

Procedure. — Dissolve  3  g.  of  steel,  or  less  if  the  sample  contains 
more  than  1  per  cent.  ( 'r,  in  a  'J.'iii  cc.  I  jlenmeyer  flask  with 
of  nitric  acid  (sp.  gr.  1.1. 'i  =  25  per  cent.  cone,  acid  by  vol.).  If 
there  is  any Carbon&CeOUfl  residue,  a-  in  the  analysis  of  cast  irons. 
it  should  }^  filtered  off  and  examined  for  chromium  l»y  fusion  with 
an  alkaline  oxidizing  flux  (cf.  p.  290).  If  the  metal  is  difficultly 
soluble  in  nitric  acid,  it  is  sometimes  necessary  to  add  sulftirir 
acid  to  facilitate  solution. 

When  the  sample  is  all  dissolved,  cool  the  solution  slightly 
(65°  to  75°)  and  add  2  g.  of  sodium  bismuthatr.  Agitate  a  few 
minutes  and  then  wash  down  the  sides  of  the  flask  with  a  little 
water.  Heat  to  boiling  and  boil  gently  until  the  permanganate* 
formed  from  the  manganese  in  the  steel  is  all  decomposed  as 
shown  \>y  the  color;  this  usually  requires  alxnit  15  min. 
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Add  50  cc.  of  three  per  cent,  nitric  acid  (3  cc.  HNOs,  sp.  gr. 
1.42:100  cc.  water)  and  filter  off  any  precipitated  manganese 
dioxide  or  undissolved  sodium  bismuthate  on  an  asbestos  filter. 
Wash  the  residue  3  times  with  50  cc.  portions  of  the  dilute 
nitric  acid.  Cool  to  room  temperature  by  running  tap  water 
over  the  flask  and  dilute  with  distilled  water  to  500  cc.  Add  a 
measured  excess  of  ferrous  sulfate  solution  and  titrate  the  excess 
with  standard  permanganate  as  described  on  p.  293. 

(c)  DETERMINATION  OF  CHROMIUM  BY  THE  FUSION  METHOD 

Principle. — The  sample  is  converted  into  oxide  and  the  chromic 
oxide  is  converted  to  chromate  by  fusing  with  sodium  peroxide 
in  a  nickel  or  iron  crucible.  The  method  is  suitable  for  chrome- 
steel,  chrome-nickel  steel,  chrome-tungsten  steel  and  chrome- 
vanadium  steel;  steels  with  low  chromium  content  are  analyzed 
preferably  by  one  of  the  methods  already  described,  using  a 
larger  sample. 

Procedure. — Treat  2  g.  of  the  metal  in  a  small  porcelain 
evaporating  dish  with  six-normal  nitric  acid  (sp.  gr.  1.2)  evaporate 
the  solution  to  dryness,  and  heat  the  residue  until  the  nitrates 
are  decomposed,  keeping  the  dish  covered  with  a  watch  glass  to 
prevent  loss  by  spattering.  During  the  heating,  the  oxides 
are  dislodged,  for  the  most  part,  from  the  sides  of  the  dish.  Trans- 
fer the  loose  particles  to  an  agate  mortar,  mix  them  with  sodium 
peroxide  (about  16  g.  is  used  in  an  analysis  ;m<l  transfer  the 
mixture  to  a  well-scoured  nickel  or  iron  crucible.1  Carefully 
scrape  off  with  a  spatula  as  much  as  possible  of  the  oxide  from 
the  porcelain  dish,  mix  it  with  sodium  peroxide  and  add  the  mix- 
ture to  the  crucible.  Next  place  a  little  sodium  peroxide  in  the 
dish,  rub  the  dish  with  it  and  transfer  to  the  crucible.  Finallyadd 
a  little  caustic  soda  solution  to  the  dish,  heat  it  nearly  to  boil- 
ing and  rinse  the  solution  into  a  beaker,  setting  it  aside  for  the 
time  being. 

Cover  the  crucible  and  heat  it  with  a  small  flame  until  the  mass 
melts,  then  raise  the  temperature  and  heat  to  dull  redness  for 
about  15  min.  Allow  the  crucible  to  cool,  place  it  in  a  beaker,  add 

1  A  new  iron  crucible  is  usually  covered  with  some  sort  of  varnish      To 

H-movr  it,  hr.'it  the  rrurihlr  i"  r«-<  Im-ss  over  a  M fleer  burner  or  a  blast  lamp 
and  plunge  the  red  hot  rnn-ihlc  into  water. 


i  U  1(0  Mil    M  I"'1' 


hoi  water.  and  cover  t  In-  b<-ak«T  wit  h  a  wat  eh-glaiM.     The 
solvesqllickly  withdecompu-lllon  of  mo-.?   of  t  heeXOMB  Of  |M-lo\lde. 

Add  id.  reserved  alkali  -olutmn  with  which  tin-  evaporat  ing 
dish  wa-  washed.  remove  tin-  crucible,  Washing  it  thoroughly, 
and  allow  t  lie  beaker  and  its  contents  to  stand  an  hour  or  two  Oil 
the  steam  hath.  If  the  solution  should  not  be  yellow  hut  green 
in  color,  owing  to  the  presence  of  inanimate,  add  a  little  sodium 
peroxide  and  stir;  this  serves  to  reduce  the  inanimate  to  iniin- 
ganese  dioxide.  Dilute  the  solution  to  1>(M)  OC.J  allow  it  to  cool 
and,  when  well  settled,  decant  the  supernatant  liquid  through  a 
filter,  without  disturbing  the  residue.  Cover  the  residue  with 
hot  water  and  allow  it  to  settle  again.  Then  filter  as  lx-f' 
catching  the  filtrate  in  a  fresh  heaker  so  that  if  any  of  it  runs 
through  turhid  it  will  not  he  necessary  to  refilter  the  entire  fil- 
trate. Transfer  the  residue  to  the  filter  and  wash  it  with  hot 
water  until  the  wa-liiim-  are  neutral  to  red  litmus  pa|x»r. 

A  little  chromium  is  likely  to  remain  with  the  iron  in  an  insolu- 
ble condition  such  that  it  is  impossible  to  remove  it  by  washing. 
To  recover  this  chromium,  ignite  the  precipitate  and  filter  and 
repeat  the  fusion  with  sodium  peroxide  in  exactly  the  same  man- 
ner as  before,  finally  combining  the  aqueous  extract  of  the  fusion 
with  that  first  obtained. 

Boil  the  solution   until  all  the  excess  of  sodium  peroxide  i> 
destroyed,  cool  to  room  temperature  and  dilute  up  to  the  mark 
in  a  500  ce.  calibrated  flask.     Use  an  aliquot   part,  u-ually  on. 
fifth,  for  the  determination  of  the  chromium  according  to  p.  292. 

If  preferred,  the  aqueous,  alkaline  solution  of  sodium  eliminate 
may  be  used  for  the  gravimetric  determination  of  chromium 
according  to  p.  293.  In  that  case,  treat  the  impure  chromic 
oxide  with  sulfuric  and  hydrofluoric  acids  and  I.  \pel  any 

silica,  before  fusing  it  with  the  alkaline  reducing  flux. 

2.  DETERMINATION  OF  CHROMIUM  IN  MATERIALS  INSOLUBLE 

IN  ACID 

The  method  is  applicable  to  the  analysis  of  ferro-chrome. 
chrome-tungsten  steel,  etc. 

Procedure.    --Intimately  mix  from  0.5  to  2  g.  of  the  pulv. 
sample  with   10  times  as  much  of  the    Rot  he   fusion    mixture 
(p.  178),  transfer  the  mixture  to  a  platinum  crucible,  and   h«-at 
half  an  hour  over  a  Tin-ill  burner  and  the  same  length  of  linn- 
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over  a  large  Me*ker  burner,  or  over  a  blast  lamp.  Transfer  as 
much  as  possible  of  the  ignited  product  to  an  agate  mortar, 
moisten  it  with  a  little  water  and  crush  it  carefully  to  a  paste. 
Rinse  the  paste  into  a  beaker  and  heat  on  the  steam  bath  to 
extract  the  soluble  chromate.  Allow  the  residue  to  settle,  decant 
the  solution  through  a  filter,  and  wash  the  residue  by  decantation 
and  then  thoroughly  on  the  filter,  with  hot  water.  Ignite  the 
filter  and  residue  in  the  platinum  crucible  and  fuse  it  with  about 
4  times  as  much  sodium  carbonate  as  the  original  sample 
weighed.  After  cooling  the  crucible,  extract  the  soluble  sodium 
salts  and  repeat  the  fusion  with  sodium  carbonate  in  order  to 
remove  the  last  traces  of  chromium.  If  the  material  was  suffi- 
ciently fine,  the  quantity  of  chromium  left  in  the  residue  after  the 
third  fusion  is  perfectly  negligible. 

The  residue  may  be  used  for  the  determination  of  iron,  man- 
ganese, or  nickel. 

Combine  all  the  aqueous  extracts  and  dilute  to  500  or  1000  cc. 
in  a  calibrated  flask.  Take  an  aliquot  part  for  the  chromium 
determination,  according  to  p.  292,  bearing  in  mind  that  the  solu- 
tion may  contain  vanadate  or  tungstate  of  sodium. 

Test  Analysis.  1.  Separation  of  Chromium  and  Iron  by  the 
Ether  Method. — Ten  cubic  centimeters  of  a  solution  of  chromic 
chloride  was  analyzed  by  the  permanganate  process  and  found 
equivalent  to  53.5  cc.  of  permanganate  (=  0.1083  g.  Cr). 

In  duplicate  experiments,  10  cc.  of  the  chromic  chloride  solu- 
tion were  mixed  with  50  cc.  of  pure  ferric  chloride  solution  (=  4.4 
g.  Fe),  the  iron  removed  by  the  ether  method  and  the  chromium 
determined  by  Method  IB,  p.  292.  In  one  experiment  53.5  cc. 
of  permanganate  were  used  and  in  the  other  53.3  corresponding 
to  0.1083  and  0.1079  g.  (V;  this  shows  that  the  separation  is 
accurate  within  the  usual  limits  of  error. 

Two  experiments  were  carried  out  with  respectively  ">  and  10 
cc.  of  another  chromic  chloride  solution  (=  0.0031  and  0.0062  g. 
Cr)  in  the  presence  of  ferric  chloride  solution  corresponding  to 
3.2g.  Fe.  In  t  his  case  the  analysis  was  finished  l»y  titration  with 
sodium  thiosulfate  solution  and  the  values  agreed  perfectly  t<» 
the  two  significant  figures  given  above,  showing  that  with  low 
chromium  the  process  gives  results  agreeing  within  0.0001  g.  of 
chromium. 


2.  Analysis  of  Various  Chrotne  Mecls. — A  sample  of 
weighing  6.000  g.  was  analy/ed  by  Method  in  and  one-fifth 

of  (lie  solution  was  taken  for  the  final  determination.  Volu- 
me t  n  rally,  by  the  permanganate  method,  the  value  4.07  |x-r  cm  I. 
Cr  was  obtained  whirh  aun-ed  \\.-ll  with  I.O.".  r,  the 

value  obtained  graviinet  rically . 

\    ample  of  niekel-ehrome  steel,  \\ echini:  «•  i:.,  was  analyzed  by 

the  sodium  thi«»ulfate  method,  using  two-fifths  of  the  original 
solution,  and  the  value  O.'J'J  per  rent .  (  'r  was  ol  .tamed.  Another 
test  was  carried  out  with  a  (\-£.  portion  of  the  steel  and  tiding  the 
entire  -oluti.,n  for  the  final  titration.  In  this  case  the  value 
O.'j:;  per  cent.  (  'r  was  obtained. 

A  sample  of  ehrome-tuntfsten  steel  with  (>  per  <-ent.  tuni- 
analyzed  l>y  Method  </,  ^ave  5.82  per  cent.  <  'r  and  hy  Method  /;, 
.">.S4  per  <•( nt.  Cr.     In  this  case  0.04  IMT  cent.  Cr  was  reco1. 
from  the  silica. 

A  sample  of  chrome-tungsten  steel  with  I  per  rent.  \\  ,  analy/ed 
l>y  Method  n,  sho\\<-d    10/J'J  per  cent.  (  'r  and  l.y  Method  h, 
per  cent.  Cr.      In  this  case  the  chromium    from   the  silica  in 
Method  a  in  one  case  amounted  to  1.06  per  cent. 

A  sample  of  form-chrome  was  analy/ed  hy  Method  2.  One 
.irr.-ou  of  the  substance  was  weighed  out  and  one-tenth  of  the 
solution  taken  for  the  final  titration  with  sodium  thiosulfato.  In 
duplicate  determination  the  values  60.8  and  60.7  per  cent.  Cr 
were  obtained. 

3.  Purification  of  Chromic  Oxide  Precipitates. — Ton  cubic 

ti meters  of  tungstate  solution  (0.2724  g.  WOa)  were  mixed  with 
10  cc.  of  eliminate  solution  (0.0250  g.  CrjO»)  and  the  solution 
precipitated  with  mercurous  nitrate.  After  purification  with 
the  potassium  acid  tart  rate  mixture,  the  ( 'r,Oj  obtained  weighed 
0.0252  g. 

A  similar  experiment  with  vanadate  solution  (0.153  g.  V»O») 
and  eliminate  solution  (0.0500  g.  CrjOs)  gave  0.0505  g.  of  puri- 
fied Cr2O,. 

Accuracy  of  the  Results  and  Permissible  Variations. — With 
chromium  content  of  less  than  ().">  per  cent,  duplicate  determina- 
tions should  agree  within  0.005  per  cent,  and  with  10  |MT  cent. 
Cr,  or  more,  the  values  should  agree  within  0.1  per  cent.  The 
values  should  also  closely  approximate  the  truth. 


CHAPTER  XI 
ALUMINIUM 

In  the  manufacture  of  ingot  iron  and  mild  steel,  aluminium 
is  often  added  for  the  purpose  of  deoxidizing  the  molten  metal. 
Aluminium  is  present  in  iron,  therefore,  chiefly  in  the  form  of  its 
oxide.  If  more  aluminium  is  added  than  is  necessary  to  com- 
bine with  all  the  oxygen,  then  some  of  it  will  remain  in  solid 
solution  with  iron.  At  the  present  time  there  is  no  absolutely 
<  1<  •[  M  'in  lal  >le  anal  vt  ical  test  to  determine  whether  the  small  quantity 
of  aluminium  usually  found  is  present  as  oxide  or  as  metal.  Certain 
special  alloys,  e.g.,  aluminium  steel,  are  certain  to  contain  metallic 
aluminium. 

Principle. — Aluminium,  like  manganese,  chromium,  nickel,  etc., 
can  be  separated  from  iron  by  the  Rothe  method  of  shaking  the 
chlorides  in  hydrochloric  acid  solution  with  ether.  In  determin- 
ing the  aluminium  by  precipitation  as  aluminium  hydroxide  from 
dilute  acetic  acid  solution,  it  is  necessary  to  bear  in  mind  that  t  he 
phosphorus  from  the  steel  is  likely  to  be  precipitated  at  the  same 
time  as  aluminium  phosphate;1  for  this  reason  it  is  advisable  to 
precipitate  the  aluminium  intentionally  as  aluminium  phosphate. 

Procedure. — Weigh  from  5  to  10  g.  of  steel  into  a  porcelain  dish 
and  dissolve  it  in  60  to  120  cc.  of  concentrated  hydrochloric  acid. 
Evaporate  the  solution  to  dryness  and  remove  the  silica  according 
to  Method  1  A,2  p.  169.  Avoid  dehydrating  the  silica  at  too  high  a 
temperature,  on  account  of  the  danger  of  volatilizing  aluminium 
chloride;  there  will  be  no  loss  in  a  hot  closet  at  135°.  The 
deposited  silica  is  likely  to  retain  a  little  aluminium.1  After 
treating  the  silica  with  hydrofluoric  and  sulfuric  acids,  therefore, 
fuse  the  residue  with  a  little  sodium  carbonate  and  determine  t  he 

1  When  steel  is  dissolved  in  hydrochloric  acid,  some  of  the  phosphorus  is 
evolved  as  phosphine. 

•Or  l>y  i  net  hod  IB,  p.  17:*;  r/.  ,/,  p.  200. 

3  If  the  residue  rontainH  much  aluminium  this  indicates  that  it  was  origi- 
nally present  as  oxide. 

809 


ALt'MiMi  \i  :;n:; 

.-iluininiuin  as  hydroxide  or  n#  pho>phate  a*  dcMcrihed  for  tin-  main 
determination. 

Concentrate  the  filtrate  from  tin-  silica  by  evaporating  until  a 
crust  of  crystals  begins  to  separate  on  the  edges  of  the  solution; 
then  a<l<l,  lo  the  hot  solution,  dilute  nitrie  and  (Bp.  gr.  1.2)  in 
small  quant  it  ies  and  cover  t  he  dish  wit  h  :i  watch  glass.  When  th«- 
oxidation  of  the  iron  is  complete,  which  is  rveomiiied  by  the  fact 
that  no  more  Oxides  of  nitrogen  are  evolved  and  t  he  solution  in  tin- 
dish  becomes  i  inn-parent,1  remove  the  watch  glass  and  evaporate 
the  solution  to  dry  ness.  To  remove  any  remaining  nitric  acid, 
take  up  the  residue  with  concentrated  hydrochloric  acid  and 
evaporate  to  the  consistency  of  sirup.  Shake  the  solution  of  the 
chlorides  with  ether  in  the  usual  manner  (cf.  p.  185). 

Kvaporate  the  aqueous  chloride  solution,  which  is  nearly  free 
from  iron,  to  remove  t  he  et  her  and  dissolve  the  residue  in  a  little 
hydrochloric  acid.  Dilute  the  solution  until  it  contains  about  25 
cc.  of  water  for  each  cc.  of  hydrochloric  acid  (sp.  gr.  1.12)  present , 
precipitate  the  copper  by  adding  a  little  hydrogen  sulfide  water 
tot  he  hot  solution  and  filtertoff  the  copper  sulfide. 

Add  a  few  cc.  of  dilute  sulfuric  acid  to  the  filtrate  and 
evaporate  the  solution  in  a  porcelain  dish  until  fumes  of  sul- 
furic acid  are  evolved;  it  is  necessary  to  heat  over  a  free  flame 
toward  the  last.  The  reason  for  transforming  the  chlorides  into 
sulfates  is  because  the  aluminium  precipitate  filters  better  when 
deposited  from  a  sulfate  solution.  Dissolve  the  residue  of  sul- 
fates in  water,  heating  till  all  is  dissolved,  and  dilute  to  about  100 
cc.  in  a  200-  to  250-cc.  beaker.  Add  ammonia  until  the  solution  is 
alkaline  to  litmus  paper  and  at  once  redissolve  the  aluminium 
hydroxide  with  as  little  dilute  sulfuric  acid  as  possible.  A  little 
brown  oxide  of  manganese  usually  remains  undissolved;  take 
this  up  by  adding  about  1  cc.  of  sulfurous  acid.  To  the  slightly 
acid  solution,  add  2  or  3  cc.  of  neutral  ammonium  acetate  solu- 
tion (100  g.  in  500  cc.  of  water);  the  solution  should  still  have  a 
slightly  acid  reaction. 

Heat  the  solution  to  boiling,  which  causes  all  the  aluminium 
to  precipitate  together  with  some  impurity.  After  allowing  the 

1  When  the  nitric  arid  is  first  added,  a  dark  brown  compound  wit 
and  ferrous  salt   is  formed.     This  disappears  when  no  more  ferrous  salt  is 

present. 
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precipitate  to  settle,  filter  and  wash  the  precipitate  with  water 
containing  a  little  ammonium  acetate.  Finally  rinse  back  tin' 
precipitate  into  the  original  beaker  and  dissolve  it  in  as  little 
sulfuric  acid  as  possible,  heating  on  the  water  bath  to  aid  the 
solution.  Repeat  the  precipitation  with  ammonium  acetate 
and  filter  through  the  same  filter,  washing  as  before. 

The  filtrate  now  contains  all  the-nickel  and  manganese  and  the 
precipitate  consists  chiefly  of  aluminium  hydroxide  and  phos- 
phate. Rinse  the  precipitate  back  into  the  beaker,  dissolve  it 
once  more  in  dilute  sulfuric  acid,  avoiding  an  excess,  add  1  or  2 
cc.  of  ammonium  phosphate  solution  (100  g.  in  500  cc.  of  \vai<  r 
and  reprecipitate  the  aluminium  by  adding  a  very  slight  excess 
of  ammonia  to  the  boiling  hot  solution. 

After  the  precipitation  is  complete,  acidify  slightly  with  aeet  it- 
acid,  heat  to  boiling,  filter  and  wash  the  precipitate  with  hot 
water  containing  a  little  ammonium  acetate.  Ignite  and  weigh 
as  A1P04. 

When  perfectly  pure,  the  aluminium  phosphate  is  white.  It 
small  amounts  of  chromium  are  present  in  the  original  metal,  it  is 
precipitated  as  chromic  phosphate  with  the  aluminium  phosphate 
and  the  precipitate  has  a  grayish  or  green  tint.  In  such  cases, 
fuse  the  ignited  precipitate  with  a  little  sodium  carbonate  and 
determine  thechromic  acid  by  treat  ing  the  acid  extract  of  the  melt 
with  potassium  iodide  and  titrating  the  iodine  set  free  with  stand- 
ard thiosulfate  solution  (cf.  p.  292).  Compute  the  quantity  of 
chromic  phosphate  corresponding  to  this  titration  and  subt  ract  it 
from  the  weight  of  the  phosphate  precipitate  previously  ol>i  .lined. 

When  the  Rothe  separation  is  successfully  accomplished,  not 
more  than  1  or  2  mg.  of  iron  should  follow  the  aluminium 
into  the  aqueous  layer  obtained  in  the  treatment  with  ether. 
In  such  cases  the  aluminium  precipitate  is  not  contaminated 
with  iron,  which  is  in  the  ferrous  condition  owini:  to  the  ad- 
dition of  sulfurous  acid.  If,  however,  the  first  precipitation  of 
hydroxides  obtained  in  the  above  procedure  is  plainly  contami- 
nated with  iron,  it  is  advisable  to  evaporate  the  snlfuric  acid  solu- 
tion to  dry m—  in  a  platinum  dish,  heat  until  the  free  sulfuric  arid 
is  all  expelled,  and  fuse  with  a  little  caustic  soda  and  sodium 
peroxide,  as  described  under  Manganese,  p.  IS'.).  Xeutrali/e  the 
aqueous  extract  of  the  melt  with  sulfuric  acid,  remove  the  sodium 
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salts  by  precipitating  the  aluminium  twice  with  ammonia,  ami 
finally  precipitate  the  aluminium  phosphate  as  descrilxM.1  above. 
Computation.     If  a  sample  of  ste.  I  Neighing  a  g.  gives  p.  g. 
of  aluminium  phosphate,  then 

p  X  Al  X  100       22.19p 
AIPO«X« 

Test  Analysis.  1.  Experiments  with  Aluminium  Chloride 
Solution. — Twenty  cubic  centimeters  of  an  aluminium  chloride 
solution  free  from  phosphoric  acid  gave,  in  two  experiments  by 
precipitation  with  ammonium  acetate  and  weighing  as  AljOj, 
the  values  0.0464  and  0.0  4<>r>  g.  Al. 

The  same  quantities  of  solution  analyzed  by  precipitation  as 
A1PO4  gave  the  values  0.0475  and  0.0477  g.  Al. 

In  two  other  experiments,  in  which  ferric  chloride  equivalent 
to  5  g.  of  metallic  iron  was  added  in  each  case,  the  values  O.OT.H 
and  0.0475  g.  Al  were  obtained. 

2.  Analysis  of  Aluminium  Steel.  Sample  1. — Duplicat  e  <  let  ei •- 
n i inations  in  5-g.  samples  gave  the  values  0.23  and  0.25  per 
cent  Al.  The  silica  precipitate  contained  no  aluminium. 

Sample  2. — (a)  In  the  analysis  of  a  sample  weighing  5  g.,  a 
precipitate  of  aluminium  phosphate  weighing  0.0687  g.  was  ob- 
tained in  the  main  analysis.  This  precipitate  was  contaminated 
with  chromium  and  the  subsequent  titration  with  sodium  thio- 
sulfate  showed  0.0036  g.  of  CrPO4.  Subtracting  this  from  the 
original  weight  of  the  phosphate  precipitate,  the  value  0.292  per 
cent.  Al  was  obtained. 

The  silica  precipitate  was  tested  for  aluminium  and  additional 
aluminium  amounting  to  0.033  per  cent,  obtained,  making  the 
total  Al  content  =  0.33  per  cent. 

(6)  A  duplicate  determination  with  similar  results  gave  0.34  per 
cent.  Al. 

ACCURACY  OF  ALUMINIUM  VALUES  AND  PERMISSIBLE 
DEVIATIONS 

The  values  reported  in  samples  containing  up  to  1  per  cent.  Al 
should  be  accurate  to  within  0.05  per  cent.,  provided  a  careful 
blank  is  made  with  the  same  quantities  of  reagents  as  used  in  a 
regular  analysis. 
20 


CHAPTER  XII 
TITANIUM 

Pig  iron  prepared  from  ores  containing  titanium  often  contains 
small  quantities  of  this  element.  Moreover,  titanium,  like 
aluminium,  is  used  as  a  deoxidizing  agent  and  in  some  cases  a 
little  of  the  titanium  gets  into  the  metal  in  this  way.  Usually, 
however,  the  quantity  of  titanium  used  is  regulated  so  that  all 
of  it  goes  into  the  slag. 

Ferro-titanium  and  manganese-titanium  are  the  principle  al- 
loys of  titanium  that  are  used  in  metallurgical  operations. 

1.  DETERMINATION  OF  TITANIUM  IN  MATERIALS  SOLUBLE 

IN  ACID 

Principle. — Titanium  may  be  freed  from  the  greater  part  of 
the  iron  by  means  of  the  Rothe  ether  separation  (p.  185).  After 
the  ether  treatment,  the  solution  contains  manganese,  nickel, 
chromium,  possibly  some  other  metals  and  phosphoric  acid 
besides  the  titanium  and  a  little  of  the  iron. 

The  titanium  may  be  precipitated  from  such  a  solution  by 
boiling  an  acetic  acid  solution1  containing  ammonium  acetate 
and  something  to  keep  iron  in  the  ferrous  condition,  but  in  most 
cases  it  is  necessary  to  purify  the  titanium  dioxide  that  is  obtained 
by  such  a  procedure.  The  weight  of  the  impurities  is  deducted 
from  the  weight  of  impure  titanium  dioxide.  The  titanium  may 
also  be  determined  colorimetrically,  or,  if  the  titanium  content  is 
not  too  low,  it  may  be  determined  by  a  volumetric  process.2 

Apparatus  and  Solutions  Required.— 
FOR  THE  ETHER  TREATMENT: 

Ifntht  xlmking  funnel,  Fig.  120,  p.  184. 
Hydrochloric  add  (sp.  gr.  1.10). 

Ether-hydrochloric  Acid  Solutions. — One  solution  is  made  by  addiim 
ether  to  concentrated  hydrochloric  acid  (sp.  gr.  1.2)  until  a 
layer  of  ether  is  formed  after  shaking,  and  the  other  solution 
is  ])n-p.trc<l  from  dilute  hydrochloric  acid  (sp.  gr.  1.10),  in  the 
same  way. 

1  r/.  Harnchcy  ;m<l  Isham,  J.  Am.  Chem.  Soc.,  32,  957  (1910). 
1  cj.  Hmrirlisen,  Chem.-Ztg.,  31,  7:;s    I'.»n7  . 
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FOR  TITRATING  THE  TITANIUM: 

Ferric  Chloride  Solution.—  Moi-ten  27  g.  of  pure  ferric   chloride 
crystals  (FcCl«  OHjO)  with  in  00,  of  ImlnM-hloric  acid  (up.  RT. 

l.r_'>,  di  — olve  by  warming  with  water  and  dilute  the  Hulution 
to  1  liter.  The  hydrochloric  ari.l  is  necessary  to  prevent 
hydrolysis  of  the  ferric  chloride,  whereby  a  ha-ic  chloride  \» 
precipitated  which  makes  the  solution  unfit  for  use. 

The  ferric  chloride  solution  may  he  standardized  against 
tenth-normal  sodium  thiosulfate  solution  (cf.  p.  287)  or  against 
tenth-normal  permanganate  (p.  204). 

To  standanli/e  against  sodium  thiosulfate  solution,  measure 
out  by  means  of  a  burette  or  pipette  35-50  cc.  of  the  ferric  chlo- 
ride solution  into  a  200-ce.  Krlenmeyer  flask  and  concentrate  to 
about  15  cc.  Add  2  cc.  of  dilute  hydrochloric  acid  (sp.  gr.  1.12), 
anda  solution  of  3  g.  potassium  iodide  dissolve*  1  in  a  little  \vah-r; 
the  potassium  iodide  must  he  free  from  iodate  and  its  aqueous 
solution  should  remain  colorless  upon  the  addition  of  a  little 
hydrochloric  acid.1  By  means  of  hydriodic  acid,  ferric  ions  are 
reduced  to  ferrous  ions  and  iodine  is  set  free; 

2Fe+++  +  21-  =  2Fe++  +  I2 

The  iodine  is  titrated  with  tenth-normal  sodium  thiosulfato  solu- 
tion, adding  starch  solution  toward  the  last.  To  reduce  traces  of 
ferric  chloride  that  still  remain  in  the  solution,  heat  to  50°,  or 
60°  at  the  most,  cool  to  room  temperature  by  running  cold  water 
upon  the  flask,  add  a  little  more  starch  solution  and  finish  the 
titration  with  sodium  thiosulfate. 

To  standardize  against  potassium  permanganate,  the  Zimrner- 
maim-Keiuhardt  method2  is  suitable.  Measure  out,  by  means  of 
pipette  or  burette,  25-50  cc.  of  the  ferric  chloride  solution  into  a 
small  beaker,  add  10  cc.  of  hydrochloric  acid  (sp.  gr.  1.12),  and 
heat  the  solution  nearly  to  boiling.  Place  the  beaker  on  a  piece 
of  white  filter  paper  and  add  stannous  chloride  solution  (50  g. 
stannous  chloride  crystals,  and  100  cc.  concent  rated  hydrochloric 
acid;  heat  till  dissolved  and  dilute  with  water  to  1  liter),  drop  by 
drop,  until  the  yellow  color  of  ferric  chloride  disappears  from  t  he 
hot  solution.  Take  pains  not  to  add  a  single  drop  of  the  stannous 
chloride  in  excess  of  the  quantity  necessary  to  render  the  solu- 

1  If  iodine  is  liberated,  :m  :»llmv:mcv  for  this  must  be  made  in  the  analysis. 
'Zimmerman..,  Her.,  14,  77'.»  i  ixxi , ;  Reinhanll ,  Chem.-Ztg.,  13,  323  ( 1^  I  - 
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tion  colorless.  If  more  is  used  by  accident,  add  a  few  drops  of 
potassium  permanganate  solution  to  oxidize  the  excess  stannous 
chloride  and  enough  of  the  iron  to  give  a  slight  yellow  color 
(ferric  chloride)  to  the  solution  and  repeat  the  reduction  with 
stannous  chloride.  Cool  the  solution  to  room  temperature  and 
quickly  add  10  cc.  of  mercuric  chloride  solution  (50  g.  to  1000  cc. 
water).  Allow  the  solution  to  stand  5  min.  to  complete  the 
reaction  between  the  excess  stannous  chloride  and  the  mercuric 
chloride,  whereby  a  silky  precipitate  of  mercurous  chloride  is 
formed,  then  dilute  to  about  400  cc.  and  add  20  cc.  of  acid  man- 
ganese sulfate  solution  (prepared  by  dissolving  67  g.  of  mangan- 
ous  sulfate  crystals,  MnSO4.4H2O,  in  500  cc.  water,  adding  138 
cc.  of  phosphoric  acid  (sp.  gr.  1.7),  and  130  cc.  of  sulfuric  acid 
(sp.  gr.  1.84),  and  diluting  to  1  liter).  After  the  addition  of  the 
manganese  sulfate  solution,  titrate  the  ferrous  solution  slowly 
with  tenth-normal  permanganate.  At  no  time  should  the  solu- 
tion of  permanganate  be  added  faster  than  the  drops  can  be 
counted  and  it  is  important  at  the  start  and  finish  not  to  add  a 
drop  of  permanganate  until  the  color  produced  by  the  previous 
drop  has  disappeared  entirely. 

This  method  of  standardization  gives  good  results  with  a  little 
practice.  It  is  necessary  to  add  the  manganese  sulfate  solution 
as  otherwise  the  dilute  hydrochloric  acid  is  oxidized  by  the  per- 
manganate in  the  presence  of  ferrous  salt,  and  the  results  of  the 
standardization  will  be  too  low  on  account  of  the  use  of  too  much 
permanganate.  It  is  important  to  follow  the  directions  very 
carefully. 

Procedure. — Weigh  out  10-15  g.  of  the  iron  or  steel  into  a 
porcelain  dish,  and  dissolve  it  in  nitric  acid  (sp.  gr.  1.18),  using 
about  12  cc.  of  acid  for  each  gram  of  sample.  Evaporate  the 
solution  to  dryness,  take  up  in  hydrochloric  acid  and  remove  the 
silica  in  the  usual  way  (p.  173).  The  silica  carries  down  a  little 
titanium  dioxide  with  it.  After  volatilizing  the  silicon  as  tetra- 
fluoride,  therefore,  fuse  the  residue  with  sodium  carbonate,  dis- 
solve the  melt  in  hydrochloric  acid  (sp.  gr.  1.12)  and  add  the 
solution  to  the  filtrate  from  the  silica. 

Concentrate  the  solution  and  remove  the  ferric  chloride  as 
complete!-  ,j|,l«.  l,y  the  other  method  (p.  185).  The  pres- 

ence of  titanium  is  often  betrayed  by  the  hydrochloric  acid  solu- 
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tion  hemming  someu  hat  turbid  after  t  lie  first  shaking  with  ether 
and  m<uv  turbid  after  the  seeond  shaking,  when  Hakes  of 
titanium  dioxide  an-  depnHi.-d  -omet  imcs.  Such  precipitates  are 
often  colored  pale  yellow  by  a  little  |>croxide  in  the  ether.  If 
the  titanium  content  is  low,  a  clear  solution  is  ohtained  which  is 
usually  brownish  yellow  on  account  of  the  formation  of  a  little 
pertitanic  acid  by  peroxide  in  the  ether.  Tin-  pn •»  ipitation  of 
titanium  dioxide  during  the  ether  treatment  is  due  to  hydrolysis 
and  is  caused  by  the  fact  that  ether  removes  some  of  the  hydro- 
chloric acid  which  was  necessary  to  prevent  hydrolysis;1 

Ti**  +  4H2O?3±Ti(OH)4  +  4H+ 

Under  the  proper  conditions,  the  quantity  of  iron  remaining 
with  the  titanium  after  the  ether  separation  in  the  aqueous  solu- 
tion is  very  small.  Evaporate  off  the  dissolved  ether  by  heating  on 
the  water  bath  and  continue  the  evaporation  to  dryness.  Add  a 
little  concentrated  hydrochloric  acid  to  the  residue,  whereby 
some  of  the  titanium  remains  undissolved  as  TiOj,  dilute  to 
150  cc.  without  filtering  and  add  3  g.  of  solid  ammonium  acetate. 
Heat  the  solution  to  boiling  and  keep  gently  boiling  for  a 
few  minutes.  All  the  titanium  is  then  precipitated  as  dioxide 
contaminated  with  ferric  basic  acetate.  Allow  the  precipitate 
to  settle  and  then  filter.  Test  the  filtrate  with  hydrogen  per- 
oxide to  see  if  any  titanium  remains.  If  so,  boil  the  solution 
15  min.  longer.  Wash  the  precipitate  with  water  containing 
ammonium  acetate,  ignite  and  weigh.  The  precipitate  is  almost 
always  contaminated  with  some  iron.  The  true  titanium  content 
may  be  determined  by  one  of  the  three  following  methods. 

(a)  Colorimetric  Determination. — Fuse  the  ignited  titanium 
oxide  precipitate  with  15-20  times  as  much  of  previously  dehy- 
drated potassium  pyrosulfate,  K2S2O7,  which  is  prepared  by 
heating  potassium  acid  sulfate  in  a  platinum  crucible  until  fumes 
of  sulfuric  anhydride  are  evolved.  After  fusing,  cool  the  crucible 
and  dissolve  the  melt  in  75  cc.  of  cold  water  and  5  cc.  of  concen- 
trated sulfuric  acid.  If  an  insoluble  residue  remains  it  must 
be  fused  again  with  potassium  pyrosulfate.  Dilute  the  solution 

1  If  the  concentration  of  the  hydrochloric  acid  was  six-normal  (i.e.  sp. 
gr.  1.1),  there  is  little  danger  of  any  TiO«  being  precipitated.  Care  must 
betaken  not  to  dilute  the  solution  much  below  this  concentration. 
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to  100  cc.  in  a  calibrated  flask  and  use  50  cc.  or  less,  according 
to  the  titanium  content,  for  the  colorimetric  comparison. 

To  prepare  a  standard  solution  of  titanium,  weigh  0.4996  g.  of 
pure  anhydrous  potassium  titanium  fluoride,  K2TiFe,  into  a 
platinum  crucible.  To  remove  fluorine  and  form  potassium 
sulfate  and  titanium  sulfate,  heat  the  salt  with  a  little  water  and 
concentrated  sulfuric  acid  until  fumes  are  evolved,  and  repeat 
the  treatment  several  times.  Finally  dissolve  the  titanium 
sulfate  by  heating  with  a  little  concentrated  sulfuric  acid  and 
dilute  with  5  per  cent,  sulfuric  acid  to  100  cc.  One  cubic  centi- 
meter of  this  solution  contains  0.001  g.  of  titanium.  Or,thestand- 
ard  solution  may  be  prepared  by  fusing  0.1665  g.  of  pure  titanium 
dioxide  with  8  times  as  much  sodium  carbonate,  dissolving  up  the 
excess  sodium  carbonate  in  cold  water,  filtering  and  dissolving  the 
residue  of  sodium  acid  titanate  in  10  cc.  of  concentrated  sulfuric 
acid  and  finally  diluting  the  solution  to  exactly  100  cc.  at  room 
temperature.  One  cubic  centimeter  of  standard  solution  contains 
0.001  g.  titanium.1 

Prepare  a  series  of  standards  by  measuring  out  1,  3,  5,  10-cc., 
etc.,  portions  of  the  standard  titanium  solution,  diluting  each  to  50 
cc.  in  a  Xessler  tube  with  5  per  cent,  sulfuric  acid,  adding  2  cc. 
of  hydrogen  peroxide  (free  from  fluorine)  and  mixing.  Compare 
with  the  standards  the  color  produced  with  an  aliquot  part  of  the 
sol ut  ion  to  l>c  analyzed  and  2  cc.  of  hydrogen  peroxide.  The  color 
in  the  case  of  dilute  solutions  may  be  compared  by  looking  down 
upon  the  tubes  against  a  white  background.  Another  method  is 
to  place  the  tube  side  bysideina  colorimeter  with  a  weaker  stand- 
ard and  dilute  the  unknown  solution  with  measured  volumes  of 
">  per  cent,  sulfuric  acid,  mixing  after  each  addition,  until  the 
two  solutions  are  of  the  same  color  and  dilution.  In  this  case  the 
tubes  are  held  side  by  side  and  viewed  horizontally.  From  the 
known  amount  of  titanium  present  in  the  standard  it  is  easy  to 
compute  that  present  in  the  unknown  solution. 

This  colorimetric  method  is  the  most  satisfactory  for  the 

1  The  standard  solution  can  be  prepared  even  more  easily  by  digesting 
0.1665  g.  of  |»un-  titanium  oxide  with  lOcc.  of  hot  concentrated  sulfuric  arid 
in  :i  porcelain  di>lt.      When  ttie  oxide  has  all  dissolved,  cool  and  ver. 
fully   dilute   to   exactly    UK)  cc.  at   room   temperature.      I'sually   th- 
gently  ignited  to  titanium   oxide  ol.tained  in  the  analysis  can  he  dissolved 
by  digesting  with  hot  concentrated  sulfuric  acid. 
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satisfactory  aualysit  can  be  made  with  a  sample  of  iron  or  steel 

weiii-hing  only  1  g.  The  method  is  not  suitable  for  lar^e  amounts 
of  titanium,  as  the  color  of  the  pn  titanic  acid  is  best  estimate!  in 
dilute  solutions  and  when  more  than  1  per  rent,  of  titanium  is 
present  a  very  small  aliquot  part  of  the  sample  ha*  to  be  taken. 
The  solution  should  contain  at  least  :>  per  cent,  of  siilfuric  acid 
when  the  te>t  i>  made  and  molybdenum,  vanadium  or  chromium 
must  not  l>e  present  as  eaeh  of  these  elements  gives  a  color  reac- 
tion  wit  li  hydrogen  peroxide.  The  test  is  so  delicate  that  one  part 
of  titanium  can  he  detected  in  the  presence  of  ono  million  parts  of 
water. 

Computation.-  If  n->  cc.  of  the  standard  solution  mat  eh  t  he- 
color  produced  with  /M  cc.  of  the  100-cc.  solution  obtained  from 
8  ir.  of  metal,  then 

=  per  cent.  Ti 


Or,  if  it  was  necessary  to  dilute  n{  cc.  of  the  analyzed  solution 
with  t  cc.  of  5  per  cent,  sulfuric  acid  before  getting  a  shade  corre- 
sponding to  n2  cc.  of  standard  in  50  cc.  of  solution,  then 


ni  X  s 

(b)  Volumetric  Determination.  —  Fuse  the  impure  titanium  ox- 
ide in  a  platinum  crucible  with  about  10  times  its  weight  of  sodium 
carbonate.  Cool,  place  the  crucible  in  a  beaker  and  cover  it  with 
cold  water.  After  all  the  sodium  carbonate  has  dissolved,  filter 
off  the  solution  from  the  insoluble  sodium  acid  titanate  and  ferric 
oxide  and  wash  the  residue  with  cold  water.  Allow  the  funnel 
to  drain  completely,  pierce  the  filter  with  a  pointed  glass  rod, 
and  wash  the  precipitate  into  a  small  Krlenmeyer  flask  with 
dilute  hydrochloric  acid  (sp.  gr.  1.12).  Wash  the  filter  with  hot 
hydrochloric  acid  of  the  same  strength  and  heat  this  acid  with 
the  residue  until  all  the  sodium  tit.anate  and  ferric  oxide  have 
dissolved.  Acid  more  dilute  than  this  will  not  dissolve  the  pre- 
cipitate. If  this  point  is  forgotten  and  water  is  added,  hydroly- 
sis takes  place  and  the  titanium  is  precipitated.  Such  a  pre- 
cipitate is  very  hard  to  filter  and  wash  so  that  it  is  very  easy  to 
spoil  t  he  analysis  at  t  his  point  . 
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Concentrate  the  solution  to  about  20  cc.  in  a  200  cc.  Erlenmeyer 
flask.  Add  10-20  cc.  of  concentrated  hydrochloric  acid  (sp.  gr. 
1.2)  and  close  the  flask  with  a  rubber  stopper  carrying  a  Bunsen 
valve  on  the  outside.  To  make  a  Bunsen  valve,  insert  a  piece  of 
glass  tubing  into  a  one-hole  rubber  stopper  and  on  the  glass 
tubing  place  a  short  piece  of  rubber  tubing  sealed  at  the  other 
end  with  a  piece  of  stirring  rod.  Make  a  slit  in  the  side  of  the 
tubing  to  permit  gas  to  escape- from  the  flask;  pressure  from  the 
outside  squeezes  the  cut  ends  of  the  rubber  together  so  that  air 

from  the  outside  cannot 
enter  the  flask.  Better 
still,  the  flask  may  be  con- 
nected, as  shown  in  Fig.  130, 
with  a  beaker  containing  a 
saturated  solution  of  sod  i  u  m 
bicarbonate. l  Then  if  there 
is  any  back  pressure,  sodium 


FIG.  130. 
the  flask  which   causes  evolution 


bicarbonate  is  sucked  into 
of  carbon  dioxide  and   thus 
prevents  air  from  entering. 

To  reduce  the  titanium  from  the  quadrivalent  to  trivalent 
condition,  introduce  a  piece  of  50  per  cent,  zinc-magnesium  alloy, 
weighing  about  2  g.  or  about  3  g.  of  stick  zinc  in  coarse  pieces.  It 
is  not  necessary  that  the  zinc  should  be  absolutely  free  from  iron. 
Stopper  the  flask  and  allow  the  reduction  to  take  place  for  a  time 
in  the  cold.  When  the  solution  has  become  violet  and  most  of  the 
zinc  lias  dissolved,  add  1  or  2  g.  more  of  the  metal,  in  coarse  pieces, 
t  he  flask  quickly,  and  finish  the  reduction  by  heating  on  t  he 
water  bath. 

During  the  reduction,  the  following  reaction  takes  pln< 


Zn(or  Mg)  = 


Zn++(or  Mg++) 


To  accomplish  the  reduction,  it  is  necessary  to  get  all  of  the 
quadrivalent  titanium  into  the  ionic  condition.  In  attempting 
to  reduce  a  slightly  acid  tit.anium  solution,  the  reduction  is 
usually  incomplete  on  account  of  hydrolysis  even  when  t  here  is  no 
visible  precipitation  of  titanium  dioxide,  for  the  hydrated  oxide 

*A  ('oMt:it-<  iorkels  valve  works  very  nicely.  See  Z.  angew.  Chom.,  IS, 
620  (1HM),  .T  Tre:,«lwHI-ll:ill,  Analytical  (  'heniistry  II,  601  (3d  edit 
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may  remain  in  colloidal  solution.  In  <urh  ra>es  the  tit.iati.ui  will 
give  ton  low  results,  I'or  this  reason,  it  is  necessary  to  im\e  the 
titanium  solution  strongly  a. -id  to  get  a  complete  reduction. 

Instead  of  using  a  >mall  (juantity  of  /in.-  and  waiting  till  all  ha* 
dissolved,  a  larger  piece  of  metal  may  l>e  used  and  suspended  in  the 
solution,  afi  -hown  in  the  drawing.  l»y  moans  of  fine  platinum  wire. 
After  reducing  for  three-quarters  of  an  hour  to  an  hour,  allow  the 
solution  to  cool  and  then  remove  the  excess  of  zinc,  rinsing  it  with 
cold  water. 

Add  to  the  solution  1  or  2  g.  of  pure  ammonium  thiocyanate, 
free  from  iron,  and  titrate  with  ferric  chloride  solution  until  a 
permanent  red  color,  due  to  ferric  thiocyanate,  is  obtained. 

Computation. — If  n  cc.  of  ferric  chloride  solution,  of  which  1 
cc.  =  t  g.  of  titanium,  are  used  in  the  analysis  of  a  sample  weigh- 
ing S  g.,  then 

per  cent.  Ti  =  HXM- 

8 

or,  in  case  the  ferric  chloride  solution  was  exactly  tent  h-norrnal, 

p«-r  cent.  Ti  =  -0.481 
s 

(c)  Determination  of  Iron  in  Impure  Titanium  Oxide. — Inas- 
much as  the  impurity  present  in  the  ignited  precipitate  of  tita- 
nium oxide  is  chiefly  ferric  oxide,  the  quantity  of  titanium  dioxide 
may  be  estimated  with  fair  accuracy  by  determining  the  amount 
of  iron  l>y  t  it  ration  and  then  deducting  the  corresponding  amount 
of  ferric  oxide  from  t  he  weight  of  impure  titanium  oxide. 

The  volumetric  determination  of  the  iron  may  be  accomplished 
in  the  hydrochloric  acid  solution  obtained  after  fusing  the  impure 
titanium  oxide  with  sodium  carbonate  (p.  310)  by  the  iodometric 
method  described  on  p.  307,  or  by  the  following  method,  in 
which  tenth-normal  permanganate  is  used. 

Titanium  is  reduced  from  the  quadrivalent  to  trivalent condi- 
tion less  readily  than  iron  is  reduced  from  the  ferric  to  ferrous 
state.  Thus  metallic  zinc,  which  is  so  often  used  for  reducing 
ferric  solutions  previous  to  titration  with  permanganate.  I 
to  reduce  titanium  after  the  ferric  ions  are  all  reduced  and  the 
reduction  is  more  or  less  complete  according  to  the  conditions  If 
the  conditions  are  as  described  in  the  previous  method,  a  quant  it  a- 
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tive  reduction  of  both  iron  and  titanium  takes  place.  Stannous 
chloride,  recommended  on  p.  307,  also  reduces  titanium  solu- 
tions, although  it  is  possible,  with  a  little  practice,  to  reduce  the 
iron  and  practically  no  titanilim,  by  stopping  the  addition  of  the 
reagent  at  the  exact  point  where  the  solution  becomes  colorless; 
further  addition  of  stannous  chloride  causes  the  formation  of 
violet,  trivalent  titanium  ions. 

Probably  the  most  satisfactory  reducing  agent,  however,  for 
reacting  with  ferric  ions  in  the  presence  of  titanium  is  hydrogen 
sulfide  in  sulfuric  acid  solution. 

Procedure.  —  Fuse  the  impure  titanium  dioxide  with  potassium 
pyrosulfate  and  dissolve  the  melt  as  directed  on  p.  309.  Transfer 
the  solution  to  a  200-cc.  flask  which  is  fitted  with  a  rubber  stopper 
carrying  two  glass  tubes  by  which  gas  can  enter  and  leave  the 
flask.  The  tubes  are  each  bent  once  at  right  angles  and  the  one 
through  which  the  hydrogen  sulfide  is  to  enter  reaches  nearly  to 
the  bottom  of  the  flask,  while  the  other  extends  just  to  the  lower 
edge  of  the  rubber  stopper.  The  solution  to  be  reduced  should 
contain  about  one-tenth  its  volume  of  concentrated  sulfuric  acid. 
Heat  the  solution  to  boiling  while  passing  hydrogen  sulfide  gas 
through  it.  With  the  small  amount  of  iron  present,  a  few  min- 
utes should  suffice  for  the  complete  reduction  of  the  ferric  ions. 
Continue  boiling  the  solution  gently  and  replace  the  stream  of 
hydrogen  sulfide  with  one  of  carbon  dioxide  and  pass  thi 
through  the  solution  until  it  ceases  to  blacken  lead  acetate  paper 
as  it  leaves  the  flask.  Cool  in  a  slow  stream  of  carbon  dioxide  and 
titrate  with  potassium  permanganate. 

Computation.  —  If  p  g.  of  impure  TiO2  were  obtained  in  (lie 
analysis  of  s  g.  of  the  original  material  and  the  only  impurity  was 
ferric  oxide  which  required  n  cc.  of  permanganate  which  was  /- 
normal,  then 

per  cent,  Ti  =  60.05  » 


S 

2.  DETERMINATION  OF  TITANIUM  IN  INSOLUBLE  MATERIALS 
(Ferro-litanium  and  other  Titanium  Alloys) 

Procedure.  —  Fuse    1-2   £.    of    the    material,    which    should    be 
pulveri/ed  as  finely  as  possible,  in  a  platinum  crucible  with  5  OF 


77  7   I  \  /  /    W 

<>  times  MS  iinirli  of  a  mixture  of  1  part  magnesium  oxide  and 
2  pans  of  anhydrous  sodium  carbonate  (cf.  p.  178).  Mix  the 
sample  with  the  fusion  mixture  and  iut  ro<  luce  it  into  the  crucible 
after  fir-t  cnv«-ring  the  bottom  with  a  layer  of  the  f  usion  mixture. 
(  5airy  out  t  he  fusion  as  directed  on  p.  179. 

Transfer  the  ignited  mass  to  an  agate  mortar,  moisten  it  with 
a  lit  t  le  cold  water  and  triturate  to  a  paste.  Rinse  the  paste  into  a 
l»eaker  using  as  little  water  as  possible.  Add  to  the  contents  of 
the  beaker  ">  or  6  times  as  much  concentrated  hydrochloric 
acid  (sp.  gr.  1.2)  as  there  is  water  in  the  beaker,  cover  with  a 
watch-glass  to  prevent,  loss  by  spattering,  and  heat  gently,  stirring 
from  time  to  time.  If  the  directions  are  carefully  followed,  a 
clear  solution  will  be  obtained  in  a  short  time. 

Concentrate  the  hydrochloric  acid  solution,  transfer  it  to  a 
200  cc.  Erlenmeyer  flask,  reduce  with  zinc  and  titrate  as  described 
on  p.  312. 

If  the  titanium  content  is  high  it  may  be  advisable  to  use  an 
aliquot  part  of  the  solution.  In  this  case  do  not  concentrate  the 
hydrochloric  acid  solution  of  the  melt,  but  dilute  it  with  hydro- 
chloric acid  (sp.  gr.  1.12)  to  250  cc.  in  a  calibrated  flask  and  use 
100  cc.  for  the  titration,  first  concentrating  the  solution. 

In  some  cases  muddy,  violet-colored  solutions  are  obtained 
after  the  reduction  with  zinc.  This  is  due  to  some  impurity  such 
as  molybdenum  or  tungsten.  In  such  cases  it  is  advisable  to  pro- 
ceed somewhat  differently  in  order  to  remove  the  impurities. 
Extract  the  product  of  the  first  fusion  with  hot  water  and  wash 
the  insoluble  residue  of  magnesium  oxide  and  sodium  acid  titanate 
very  thoroughly  wit  h  hot  water.  Ignite  the  filter  and  its  contents 
in  a  platinum  crucible  till  the  filter  is  all  consumed,  mix  the  residue 
with  3  or  4  times  as  much  sodium  carbonate  as  the  original 
sample  weighed,  and  again  heat  strongly.  Remove  the  melt  from 
the  crucible  with  the  aid  of  a  little  cold  water,  and  dissolve  in 
hydrochloric  acid  as  described  above. 

Test  Analyses.  1.  Experiments  with  Titanium  Solutions. — A 
titanium  solution  was  prepared  and  titanium  dioxide  determined 
by  precipitation  from  acetic  acid  solution.  Duplicate  experi- 
ments gave  0.0961  and  0.0978  g.  TiO2  corresponding  respectively 
to  O.n:>77  and  0.0587  g.  Ti. 

Twenty  cubic  centimeters  of  titanium   solution  were  mix- •<! 
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with  30  cc.  of  ferric  chloride  solution  (=  4.8  g.  Fe)  and  the 
iron  removed  by  the  ether  separation.  The  titanium  was  pre- 
cipitated from  acetic  acid  solution  and  the  iron  titrated  by  the 
iodometric  method.  In  one  experiment  0.1007  g.  of  impure  TiC>2 
were  obtained  and  the  iron  present  required  0.4  cc.  of  tenth-nor- 
mal sodium  thiosulfate  solution,  corresponding  to  0.0032  g. 
Fe2O3.  The  corrected  weight  of  TiO2  was  thus  0.0975  g.  cor- 
responding to  0.0586  g.  Ti. 

In  a  similar  experiment  the  corresponding  values  were — 
0.0993  g.  impure  TiO2,  0.2  cc.  sodium  thiosulfate  =  0.0016  g. 
Fe2O3,  0.0977  g.  pure  TiO2  and  0.0587  g.  Ti. 

Twenty  cubic  centimeters  of  the  titanium  solution  were  ti- 
trated with  ferric  chloride;  1  cc.  of  FeCl3  =  0.004912  g.  Ti.  In 
duplicate  experiments  12.18  and  12.10  cc.  of  the  ferric  chloride 
solution  were  used,  corresponding  to  0.0598  and  0.0594  g.  Ti. 

Thirty  cubic  centimeters  of  titanium  solution  were  mixed  with 
30  cc.  of  ferric  chloride  solution,  the  iron  was  removed  by  ether, 
the  titanium  precipitated  as  dioxide,  and  the  titanium  deter- 
mined by  titration  in  the  hydrochloric  acid  solution  obtained 
after  fusing  the  impure  titanium  dioxide  with  sodium  carbonate. 
In  one  experiment  12.10  cc.  and  in  another  12.05  cc.  of  ferric 
chloride  solution  were  required,  corresponding  to  0.0594  and 
0.0592  g.  Ti. 

TITANIUM  DETERMINATIONS  BY  METHOD  2 

Duplicate  determinations  with  2-g.  samples  of  metallic  titanium 
using  one-fifth  of  the  solution  for  the  final  titration,  required 
respectively  50.5  and  50.7  cc.  of  ferric  chloride  (1  cc.  =  0.004995 
g.  Ti)  corresponding  to  63.0  and  63.3  per  cent.  Ti. 

With  ferro-titanium  (Goldschmidt)  the  values  18.9  and  19.0 
per  cent.  Ti  were  obtained  with  samples  weighing  1  g. 

In  a  sample  of  cast  iron,  the  titanium  was  determined  gravi- 
metrically,  simply  purifying  the  titanium  dioxide  by  heating 
with  sulfuric  and  hydrofluoric  acids  to  remove  silica.  The  values 
obtained  with  10-g.  samples  were  0.070  and  0.067  per  cent.  Ti. 

ACCURACY  OF  THE  RESULTS  AND  PERMISSIBLE  DEVIATIONS 

Small  quantities  of  titanium  may  be  separated  from  iron  by  the 
ether  process  and  the  titanium  precipitated  as  dioxide.  The 
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volumetric  determination  of  small  quantities  of  titanium  IB  not  at 
all  reliable  but  tin-  n-<uli-  l>y  thr  rolorimetrio  method  are  excel- 
lent. Results  should  agree  within  the  following  limits: 

Per  cent.  Ti  r.-rmi-siblc  Deviation 
0.05-  0.2  ±0.02  per  cent. 

0.2-  1.0  ±0.03  per  cent. 

1.0  -  5.0  ±0.1    per  cent. 

5.0-10.0  ±0.2    percent. 


CHAPTER  XIII 
IRON 

In  the  analysis  of  a  sample  of  ordinary  steel  the  percentage  of 
iron  is  usually  determined  most  accurately  by  deducting  the  per- 
centages of  other  constituents  from  100.  In  the  analysis  of  special 
steels  and  ferro  alloys,  however,  it  is  often  important  to  have  an 
accurate  and  rapid  method  for  determining  the  iron  directly.  A 
great  many  methods  are  known  for  the  accurate  determination  of 
iron  but  unfortunately  nearly  all  of  them  are  influenced  by  some 
of  the  other  elements  which  are  found  in  steel  alloys.  For  this 
reason  it  is  hard  to  give  general  directions  which  will  be  applicable 
in  all  cases  and  sometimes  the  errors  involved  in  separating  iron 
from  a  number  of  possible  interfering  elements  are  such  as  to 
influence  seriously  the  final  determination. 

Thus  the  small  amount  of  carbon  present  in  the  iron  wire  t  hat 
is  so  frequently  used  for  standardization  may  influence  the  volu- 
metric determination  to  the  extent  of  several  tenths  of  1  per  cent., 
unless  special  precautions  are  taken,  such  as  gently  boiling  the 
solution  or  oxidizing  with  strong  permanganate  before  attempt  ing 
to  reduce  the  solution  previous  to  the  titration  with  permanga- 
nate. Similarly,  the  errors  in  the  gravimetric  determination  of 
iron  are  often  considerable.  Thus  vanadium,  titanium,  alumin- 
ium and  molybdenum  may  be  precipitated  with  ferric  oxide  and 
the  ammonia  used  may  contain  dissolved  silica  which  will  be 
precipitated  when  poured  into  the  acid  solution  and  thus  con- 
taminate the  ferric  hydroxide  precipitate.  Moreover,  there  is 
difficulty  in  igniting  the  ferric  oxide;  if  it  is  heated  too  hot,  espe- 
cially \\hen  all  the  carbon  is  not  consumed,  some  magnetic  oxide 
is  formed,  and  if  the  precipitate  is  not  washed  free  from  chloride 
some  ferric  chloride  may  be  volatilized. 

1.  DETERMINATION  OF  IRON  IN  MATERIALS  SOLUBLE  IN  ACID 
(a)  MOHR'S  IODOMETRIC  METHOD 

The  method,  which  depends  upon  the  reduction  of  the  iron  with 
potassium  iodide  in  slightly  acid  solution,  has  already  been  de- 
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solution. 

The  determination  of  the  iron  can  u-iially  l>e  combined  with 
the  determination  of  some  other  cunstiiuent.  Tim-  the  ether 
solution  obtained  in  the  .  I.  -terminal  ion  of  man-  hromiiim, 

nickel  and  cobalt,  aluminium,  titanium,  vanadium,  etc..  may  lx» 
u-ed  for  the  iron  determination.  If  an  ethereal  solution  of  ferric 
chloride  is  exposed  to  the  light,  particularly  direct  sunlight,  for 
any  lengt  h  of  time,  some  of  the  ferric  chloride  b«-eom.-  reduced  to 
ferrous  chloride.  In  such  cases  the  solution  should  be  oxidi/ed 
and  the  excess  of  oxidizing  agent  removed  before  attempting  to 
determine  the  iron  by  the  iodometric  process. 

Shake  the  ethereal  solution  in  the  Rot  he  shaking  funnel  with 
several  portions  of  water,  transferring  the  washings  to  a  tall 
beaker,  then  wash  a  few  t inies  with  dilute  hydrochloric  acid,  until 
finally  the  addition  of  a  fresh  portion  of  hydrochloric  acid  shows 
no  further  yellow  color  of  dissolved  ferric  chloride  and  the  upper 
ether  layer  is  perfectly  colorless.  Evaporate  off  the  dissolved 
ether  by  heating  on  the  water  bath  and  concentrate  to  a  small 
volume. 

Dilute  the  solution  to  500  cc.  in  a  calibrated  flask,  mix  thor- 
oughly, and  take  an  aliquot  portion  corresponding  to  about  0.25 
g.  of  iron. 

Pour  the  slightly  acid  solution  into  a  300  cc.  Erlenmeyer  flask, 
add  3  g.  of  pure  potassium  iodide,  free  from  iodate,  and  titrate 
the  liberated  iodine  with  tenth-normal  thiosulfate  solut  ion.  Add 
the  thiosulfate  slowly  from  the  burette  until  only  a  slight  color 
remains  in  the  iron  solution,  then  add  2  cc.  of  starch  solution 
(cf.  p.  207)  and  titrate  until  the  blue  color  disappears.  When 
completely  decolorized,  the  blue  color  may  return  after  a  little 
while  on  account  of  the  fact  that  the  last  traces  of  ferric  chloride 
a  re  reduced  very  slowly  by  hydriodicacid  at  the  room  tempera!  ure. 
To  hasten  this  decomoosition,  heat  the  solution  to  50°,  or  00°  at 
the  most;  in  a  short  tirra  all  of  the  iron  will  be  reduced  to  the  fer- 
rous condition.  Cool  the  flask  under  the  water  tap  and  finish  the 
titration  with  sodium  thiosulfate,  adding  a  little  more  starch. 

To  the  amount  of  iron  thus  obtained,  a  correction  must  be 
added  corresponding  to  the  iron  remaining  in  the  aqueous  layer 
after  treatment  with  ether  and  also  for  that  remaining  with  the 
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silica  and  obtained  as  ferric  oxide  after  the  volatilization  of  the 
silicon  fluoride.  Fuse  this  residue  with  a  little  sodium  carbonate 
and  dissolve  the  melt  in  a  little  dilute  hydrochloric  acid,  setting 
aside  the  solution.  In  the  aqueous  solution  obtained  after  the 
ether  separation,  precipitate  the  iron  as  basic  ferric  acetate,  by 
neutralizing  the  solution  with  ammonia,  making  acid  with  acetic 
acid  and  boiling  the  dilute  solution  with  3  g.  of  ammonium  acetate. 
Dissolve  the  precipitate  in  hydrochloric  acid  and  add  the  solution 
to  the  iron  solution  obtained  from  the  silica  residue.  Evaporate 
off  the  excess  of  acid  and  carry  out  the  iodometric  determination 
of  the  iron. 

Instead  of  taking  the  ethereal  solution  of  ferric  chloride,  the 
solution  remaining  in  the  flask  after  the  evolution  method  for 
determining  sulfur  (p.  259)  may  be  used,  or  the  solution  obtained 
after  the  determination  of  copper  (p.  263).  After  the  removal  of 
the  copper,  which  is  always  necessary  when  appreciable  amounts 
of  copper  are  present  because  cupric  salts  react  with  potassium 
iodide  (cf.  p.  267),  concentrate  the  solution  by  evaporation  and 
carefully  oxidize  the  iron  by  adding  nitric  acid,  drop  by  drop,  or 
potassium  chlorate  (about  4  g.  for  10  g.  of  iron).  Evaporate  the 
solution  with  concentrated  hydrochloric  acid  to  remove  the  excess 
of  oxidizing  agent  and  carry  out  the  iodometric  determination 
in  an  aliquot  part  of  the  diluted  solution. 

Computation. — Assuming  that  n  cc.  of  /-normal  sodium  thio- 
sulfate  were  used  in  titrating  the  iron  in  a  sample  representing  8 
g.  of  the  original  material,  then 

n  X/X  5.585 
Per  cent.  Fe  =  — 

8 
(b)    ZlMMERMANN-IlEINHARDT   METHOD 

Procedure. — In  an  aliquot  portion  of  the  original  solution,  ob- 
tained as  described  in  the  above  method,  determine  the  iron  by 
titration  with  permanganate  solution  after  reducing  with  stan- 
nous  chloride,  removing  the  excess  of  stannous  chloride  with 
mercuric  chloride  and  adding  manganous  sulfate  and  phosphoric 
acid  solution  exactly  afl  d<  •<<  -nlx-d  on  p.  307  for  the  standardiza- 
tion of  a  ferric  chloride  solution. 
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Procedure. — Fuse  the  finely  pulveri/ed  material  with  ii 
sodium  carbonate  mixture  in  a  platinum  OTUClble  tt  described  On 
p.    178.      Extract    the   melt   with   liot    water,   whereby   chiomate. 
vanadate  and  ot  her  >ub>tanees  that  may  interfere  are  di— ol\.-d  in 
the  form  of  sodiun  ;  the  cm-responding  acids,  :illd  th- 

remains  behind  a-  m-oluble  ferric  oxide.  \Vash  the  residue  thor- 
oughly and  determine  the  iron  by  either  of  the  above  volumetric 
met  hods. 

If  the  original  material  contained  no  appreciable  amount  of 
disturbing  substances  such  as  chromium,  vanadium  or  molybde- 
num, the  fusion  may  be  dissolved  at.  mice  in  dilute  hydrochloric 
acid  and  the  solution  used  for  the  tit  rat  ion. 

If  copper  is  present  to  an  appreciable  extent,  the  acid  solution 
should  be  saturated  with  hydrogen  sulfide,  the  copper  sulfide 
precipitate  filtered  olT  and  the  iron  determined  in  the  filtrate  as 
described  on  p.  320. 

With  materials  rich  in  titanium,  the  fused  product  obtained 
after  ignition  with  magnesia-sodium  carbonate  mixture  should 
be  dissolved  directly  with  concentrated  hydrochloric  acid  (sp.  gr. 
1.2)  or,  if  it  is  desired  to  remove  the  soluble  sodium  salts,  t  he  melt 
should  be  extracted  with  cold  and  not  hot  water  as  otherwise  it  is 
difficult  to  get  a  clear  solution  with  hydrochloric  acid.  Any 
pertitanic  acid  that  may  form  during  the  solution  of  the  melt  will 
be  reduced  during  the  subsequent  evaporation.1  In  this  case  t  he 
iodometric  method  should  be  used,  or  the  iron  should  be  reduced 
with  hydrogen  sulfide  (cf.  p.  314). 

Test  Analyses,  (a)  Determination  of  Iron  in  23  Per  Cent. 
Nickel  Steel. — Using  samples  weighing  ().;>  g.  and  carrying  out 
the  ether  separation  and  titration  with  sodium  thiosulfate,  the 
results  obtained  in  duplicate  experiments  were  75.6  and  75.6 
per  cent.  Fe. 

(6)  Iron  in  Ferro-vanadium  with  25.7  Per  Cent.  V.— Using 
4.0-g.  samples  and  one-twentieth  of  the  solution  for  the  final  titra- 
tion, the  values  obtained  were  7\.~>  and  71.C  per  cent.  1 

(c)  Iron  in  50  Per  Cent.  Ferro-vanadium,  Rich  in  Carbon.— 
The  results  obtained  in  duplicate  experiments  using  the  ether 

1  Knecht  and  Hibbcrt,  J.  Soc.  Chrm.  I  ml.,  30,  396. 

n 
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separation  and  sodium  thiosulfate  titration  were  31.2  and  31.0  per 
cent.  Fe. 

In  another  experiment  the  sample  was  fused  with  magnesia- 
sodium  carbonate  mixture  and  the  sodium  thiosulfate  titration 
showed  31.3  per  cent.  Fe. 

(6)  Iron  Phosphide  with  24.9  Per  Cent.  P.— -Using  1.0  and  0.51- 
g.  samples  and  taking  three-tenths  of  the  solution  for  the  titrat  ion 
after  the  fusion  with  magnesia-sodium  carbonate,  the  results  ob- 
tained were  74.5  and  74.7  per  cent.  Fe. 

(e)  Titanium  Metal,  63  Per  Cent.  Pure. — Experiments  with  the 
fusion  method,  followed  by  sodium  thiosulfate  titration,  gave  the 
values  2.99  and  3.05  per  cent.  Fe. 

ACCURACY  OF  THE  METHOD  AND  PERMISSIBLE  DEVIATION  IN 
THE  VALUES 

If  the  iodometric  method  for  the  determination  of  the  iron  is 
carefully  carried  out,  the  following  agreement  of  the  results  can  be 
obtained. 

Permissible 
Iron  Content  _ 

Deviation 

0.1  to      0.5  per  cent 0.02 

0.5  to      2.0  per  cent 0.03 

2.0  to    10.0  per  cent 0.05 

10.0  to    25.0  per  cent 0.10 

25.0  to    50.0  per  cent 0.15 

50.0  to  100.0  per  cent 0.20 


CHAPTi-i;  XIV 
TUNGSTEN 

Tungsten  is  not  found  very  often  in  steels.  It  i-  m -\  <-r  present 
as  impurity  l>ut  is  intentionally  added  in  special  alloy  steels  such 
as  high-speed  steels  in  quantities  up  to  20  per  cent.  <»r  even  more. 

1.  DETERMINATION  OF  TUNGSTEN  IN  MATERIALS  SOLUBLE 

IN  ACID 

(a)  PRECIPITATION  AS  TUNGSTIC   ACID  ANHYDRIDE,   WOj,  IN 
HYDROCHLORIC  ACID  SOLUTION 

Principle. — On  treating  a  steel  containing  tungsten  with  an 
oxidizing  acid  solvent,  all  the  tungsten  is  converted  into  tungstic 
acid  anhydride,  \\'()3.  The  precipitation  of  this  substance  may 
be  made  quantitative  from  hydrochloric  acid  solutions  provided 
precautions  are  taken  to  prevent  some  of  it  remaining  in  the 
colloidal  condition  as  hydrosole. 

Procedure. — If  the  material  is  low  in  tungsten  use  a  10-g. 
sample,  otherwise  useSg.  or  less.  Weigh  the  sample  into  a  p 
lain  casserole  and  dissolve  it  in  dilute  nit  ric  acid  (sp.  gr.  1.2)  using 
HOcc.  fora  10-g.  portion  and  60  cc.  for  a  5-g.  portion.  The  mate- 
rial should  be  in  the  form  of  fine  turnings.  Steels  with  much 
tungsten  often  resist  the  action  of  nitric  acid,  \m\  in  most  cases 
they  may  be  dissolved  slowly  by  adding  a  few  drops  of  Concen- 
trated hydrochloric  acid,  waiting  till  all  action  has  ceased,  and 
repeating  the  addition  of  hydrochloric  acid  from  time  to  time. 

Evaporate  the  solution  to  dry  ness  and  heat  the  residue  to  de- 
compose the  nitrates.  When  no  more  nitrous  fumes  are  evolved 
by  strongly  heating  the  residue,  cool  it  somewhat,  moisten  with 
concentrated  hydrochloric  acid  (sp.gr.  1.2)  and  heat  gently  with 
50  cc.  of  hydrochloric  acid  (sp.  gr.  1.12)  until  finally  all  the  ferric 
oxide  has  dissolved.  The  residue  of  silica  and  tungstic  acid 
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anhydride  should  not  be  colored  red  with  ferric  oxide  after  this 
treatment  with  hydrochloric  acid.  Again  evaporate  the  solution 
to  dryness  on  the  water  bath  and  heat  the  residue  at  135°  till  no 
more  acid  vapors  are  evolved.  Then  moisten  the  residue  once 
more  with  concentrated  hydrochloric  acid  and  dissolve  all  the 
iron  by  heating  with  six-normal  hydrochloric  acid,  but  do  not 
continue  heating  after  all  the  basic  ferric  chloride  has  dissolved. 
Evaporate  off  the  excess  of  hydrochloric  acid,  continuing  the 
process  as  far  as  possible  without  causing  solid  to  separate  out;  in 
t  his  way  a  I  hick  sirup  is  obtained.  It  is  necessary  to  follow  these 
directions  carefully  in  order  to  make  the  precipitation  of  the  tung- 
sten quantitative. 

Allow  the  thick  sirup  to  cool  and  then  dilute  with  an  equal 
volume  of  dilute  hydrochloric  acid  (1  part  cone,  acid  to  5  parts 
water),  stir  and  allow  to  stand  a  few  minutes.  Filter  off  the 
deposited  silica  and  tungsten  trioxide  through  an  ashless  filter. 
Rinse  the  precipitate  from  the  dish  to  the  filter  by  means  of  dilute 
hydrochloric  acid  from  a  wash  bottle.  Usually,  when  tung- 
sten is  present,  a  yellow  film  of  tungsten  trioxide  remains  adhering 
to  the  porcelain  dish.  After  washing  the  dish  and  filter  with  dilute 
hydrochloric  acid  till  free  from  iron,  rub  the  dish  with  a  filter 
paper  moistened  with  ammonia  water  and  add  the  paper  to  the 
contents  of  the  filter;  the  ammonia  dissolves  the  yellow  tin 
trioxide  forming  ammonium  tungstate  which  is  converted  back 
to  the  oxide  upon  ignition.  Finally  rub  the  dish  with  a  pi 
filter  paper  moistened  with  alcohol. 

If  the  tungsten  content  is  high  the  residue  often  filters  badly. 
It  is  a  good  plan  in  such  cases  to  add,  before  filtering,  a  little 
filter  paper  pulp  prepared  by  shaking  small  pieces  of  filter  paper 
with  hot  water;  this  prevents  the  pores  of  the  filter  from  becoming 
immediately  clogged  with  fine  precipitate.     Traces  of  tuni 
trioxide  may  pass  through  the  filter  and  sometimes  the  turbidity 
thus  produced  is  scarcely  noticeable.     In  all  cases,  therefore, 
evaporate  the  filtrate  in  a  250  cc.  beaker  as  far  as  possible  without 
causing  solid  salts  to  deposit  and  allow  the  liquid  to  cool.     Then, 
if  any  tungsten  trioxide  has  passed  through  the  filter,  it  will 
out  on  the  bottom  of  the  beaker  and  be  distinctly  visible.     To  re- 
cover such  a  precipitate,  dilute  as  before  and  filter  through  n 
filter. 
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The  filtrate  may  now  l.<-  i^.-d  f,,r  the  determination  of  ol  her 
elements  Mich  ;,-  'icse,  nickel,  chromium,  phosphorus,  etr. 

Heat,  the  fillers  aii<l   precipitates  at    a  low   temperature  fill  all 
the  carhon  jx  eoiiMimed  and  finally  ignite  to  a  constant    weight 
Over  the  full  heat   of  the  Hunsen  or  Tirrill    burner.       The  crucible 
must  not  he  heated  over  the  hlast.  lamp  hecause  at  high  temp- 
lurev    tum^tic    acid    is    volatili/ed    slowly. 

After  \\ vighing  t|l(.  precipitate  of  silica  and  tungsten  tri«, 
moisten  it  \vithahout5dropsofsulfuric  acid  (1  : 1)  and  add  alxuit 
2  cc.  of  hydrofluoric  acid.      Evapora  p«»ssil»|e  on  the 

water  bath,  or  preferahly  in  an  air  hath,  and  then  heat  very  care- 
fully with  the  free  flame  until  thcsulfuric  acid  is  expelled.  Finally 
heat  strongly  with  the  same  hunier  that  was  used  for  heating  the 
impure  tungsten  trioxide.  The  loss  in  weight  corresponds  to  the 
amount  of  silica,  Si(>2,  present  and  from  this  the  quantity  of  sili- 
con in  the  steel  can  he  computed.  The  residue  in  the  crucihle, 
however,  cannot  be  regarded  as  pure  tungsten  trioxide.  It  is 
invariably  contaminated  with  a  little  ferric  oxide  and  may  con- 
tain some  man^uio-manganic  oxide,  Mn:i< ).,.  chromic  oxide,  ( 'rjOi, 
titanium  dioxide,  TiC>2,  and  possibly  traces  of  vanadium  pentox- 
ide,  ¥205,  or  molybdenum  trioxide,  MoOs. 

To  purify  the  precipitate,  fuse  it  with  about  (>  times  as  much 
sodium  carbonate.  Extract  the  fused  mass  with  a  little  water, 
wash  the  crucible  and  its  cover  carefully,  ami  filter  off  the  in- 
soluhle  residue  upon  a  small  filt<  r  \Vash  the  precipitate  thor- 
oughly with  hot  water  and  then  ignite  it  in  the  same  crucihle, 
without,  attempting  to  clean  it  after  washing  out  the  soluble 
sodium  salts.  The  residue  contains  all  the  iron  and  titanium 
that  contaminated  the  tungsten  trioxide;  in  most  cases  the 
weight  of  this  residue  subtracted  from  the  previous  weight  of 
impure  tungsten  trioxide  obtained  after  the  removal  of  the  silica, 
will  give  the  weight  of  pure  tungsten  trioxide.  For  the  di- 
determination  of  the  tungsten,  the  sodium  tungstate  solution, 
which  may  be  contaminated  with  chromium  as  shown  by  a 
yellow  colored  solution,  is  treated  with  mercurous  nitrate  solution 
in  the  following  manner. 

Add  a  piece  of  litmus  paper  to  the  solution  in  a  30Q-400-cc. 
beaker,  cover  the  beaker  with  a  watch  glass  to  prevent  loss  by 
Htervesrence,  and  carefully  neutrali/e  the  solution  with  dilute 
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nitric  acid  (1  part  concentrated  acid  to  5  parts  of  water).  Expel 
all  the  carbonic  acid  from  the  solution  by  boiling  gently  and 
then  add  to  the  hot,  neutralized  solution  some  mercurous  nitrate 
reagent  (p.  290)  until  no  further  precipitation  is  produced.  Stir 
the  solution  and  continue  the  boiling  for  a  short  time.  Allow 
the  precipitate  to  settle  and  test  with  a  little  more  mercurous 
nitrate  to  see  if  the  precipitation  was  complete.  Again  heat  to 
boiling,  allow  the  precipitate  to  settle  and  add  2  or  3  drops 
(not  more)  of  six-normal  ammonia  (sp.  gr.  0.96).  This  addition 
of  ammonia  serves  to  neutralize  the  acid  of  the  mercurous  nitrate1. 
solution  (cf.  p.  290).  If  the  ammonia  is  not  added  some  of  the 
t  ui  listen  may  remain  dissolved  as  metatungstate.  On  the  other 
hand,  if  too  much  ammonia  is  added,  this  will  cause  some  of  the 
precipitate  to  dissolve.  Many  chemists,  therefore,  prefer  not 
to  use  ammonia  and  add  instead  a  paste  containing  pre- 
cipitated mercuric  oxide  stirred  up  with  water.  Then,  by 
heating  the  solution  with  this  paste,  the  excess  of  acid  can  be 
neutralized. 

The  addition  of  the  few  drops  of  ammonia  should  cause  the 


, 
formation  of  a  black  precipitate,  Hg<^  +  Hg,  showing  that 

XN()3 

an  excess  of  mercurous  ions  is  present  in  the  solution.  Stir  the 
solution  well  and  boil  for  a  short  time.  The  precipitate  should 
retain  its  gray  color  during  the  boiling;  if  it  becomes  yellow 
again.  it  is  necessary  to  add  a  little  more  ammonia  and  treat  as 
before. 

Allow  the  precipitate  to  settle  and  then  decant  the  clear  solu- 
tion through  an  ashless  filter.  When  all  the  clear  solution  has 
bei-n  poured  through  the  filter,  cover  the  precipitate  with  hot 
water  and  add  a  few  cc.  of  mercurous  nitrate  solution.  Boil 
a  short  time  and  again  decant  the  solution  through  the  filter. 
Continue  this  treatment  once  or  twice  more  in  order  to-remove 
all  the  soluble  alkali  salts.  Then  transfer  the  precipitate  to  the 
filter  and  wash  a  few  times  with  hot  water. 

The  pn-j-ipitate  adhering  to  the  sides  of  the  beaker  can  usually 
be  removed  by  rubbing  it  with  a  moist  piece  of  filter  paper;  in 
case  it  has  dried  to  the  sides  of  the  beaker  and  is  hard  to  remove, 
use  a  filter  moistened  with  a  little  nitric  acid.  Place  the  filter 
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paper  used  for  wiping  out  the  beaker  in  a  weighed  platinum 
crucible  and  hum  \\i\>  paper  l.y  ii-.-If,  allowing  tin-  air  to  enter 
id.-  crucible  freely.  Then  add  tln«  main  precipitate  while  Htill 
moist  on  the  filter  and  igmi.-  '-an  Fully  under  a  good  hood.  This 
ignition  may  take  place  without  danger  in  a  platinum  crucible 
provided  plenty  of  air  is  allowed  to  enter  the  crucible. 

After  the  filter  paper  is  all  consumed,  ignite  the  contents  of 
the  crucible  to  constant  weight  over  a  Bunsen  or  Terrill  burner. 

If  the  solution  Is  colorless  before  the  addition  of  the  inercur- 
ous  nitrate  solution,  their  is  no  chromium  present  and  the  con- 
tents of  the  cruciNe  usually  consists  of  practically  pure  ttih. 
trioxide  of  light  yellow  color.  A  green  coloration  may  l»e  caused 
by  the  presence  of  a  little  alkali  or  of  a  trace  of  molybdenum 
trioxide. 

If  the  solution  was  yellow  before  the  addition  of  the  mercurous 
nitrate  solution,  chromium  is  present  and  the  ignited  tungsten 
trioxide  contains  chromium  and  has  a  greenish-gray  color. 

As  the  tungsten  was  originally  precipitated  from  strongly 
acid  solution,  it  seldom  happens  that  much  chromium  is  present 
at  this  stage  of  the  analysis.  After  weighing  the  impure  tun 
trioxide,  the  chromium  may  be  determined  by  fusing  the  residue 
with  sodium  carbonate,  dissolving  the  melt  in  water,  acidifying 
with  hydrochloric  acid  and  treating  with  potassium  iodide  and 
sodium  thiosulfate  solution  (p.  292)  or  the  residue  in  the  crucible 
may  be  fused  with  the  potassium  acid  tart  rate  mixture  (p. 
and  the  sodium  tungstate,  now  free  from  chromium,  washed  out 
with  water.  The  weight  of  chromic  oxide,  (  >2Oa,  obtained  by 
computation  from  the  volume  of  sodium  thiosulfate  used,  or  by 
direct  weighing  of  the  residue  after  the  potassium  arid  tart  rate 
fusion,  deducted  from  the  weight  of  impure  tungsten  trioxide, 
gives  the  weight  of  the  pure  substance.  The  uncolored  filtrate? 
from  the  potassium  acid  tartrate  fusion  may  be  used  for  the  direct 
precipitation  of  the  tungsten  or,  in  special  cases,  for  the  deter- 
mination of  vanadium  and  molybdenum. 

Computation. — If  p  represents  the  weight  of  pure  tungsten 
trioxide  obtained  in  the  analysis  of  8  g.  of  material  then 

per  cent,.  \V  =  ?  71U1 
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(b)  SEPARATION  OF  TUNGSTEN  FROM  IRON  BY  SODIUM  PEROXIDE 

FUSION  l 

Principle. — If  a  mixture  of  ferric  oxide  and  tungstic  acid  anhy- 
dride is  fused  with  sodium  peroxide,  the  latter  is  converted  into 
soluble  sodium  tungstate  and  may  be  separated  from  the  ferric 
oxide  by  extracting  the  melt  with  water.  The  tungsten  may  be 
precipitated  by  means  of  mercurous  nitrate  but  the  mercurous 
tungstate  will  be  contaminated  by  mercurous  phosphate,  chro- 
mate,  vanadate  and  molybdate  to  the  extent  that  phosphorus, 
chromium,  vanadium  and  molybdenum  are  present  in  the  origi- 
nal material;  a  little  silica  is  also  likely  to  be  carried  down.  The 
precipitate,  therefore,  must  undergo  further  treatment  in  order 
to  obtain  pure  tungsten  trioxide. 

Procedure. — Weigh  out  2  g.  of  tungsten  steel  containing  about 
5  per  cent,  tungsten,  or  1  g.  of  a  steel  richer  in  tungsten,  into  a 
small  porcelain  casserole.  Cover  the  casserole  with  a  watch- 
glass  and  treat  the  steel  with  30  cc.  of  nitric  acid  (sp.  gr.  1.2). 
When  the  steel  is  dissolved,  evaporate  the  solution  to  dry  ness 
and  heat  the  residue,  keeping  the  dish  covered  with  a  watch-glass, 
until  no  more  nitrous  fumes  are  evolved.  The  oxides  then  be- 
come detached,  for  the  most  part,  from,  the  sides  of  the  dish. 

Transfer  the  oxides  as  completely  as  possible  to  an  agate  mort  ar 
and  mix  them  with  6  or  8  times  as  much  pure  sodium  perox- 
ide. Add  the  mixture  to  a  nickel  crucible.  Sprinkle  a  little 
more  sodium  peroxide  in  the  original  dish  and  add  this  to  the 
contents  of  the  crucible.  Dissolve  any  tungsten  in  the  residue, 
that  remains  adhering  to  the  dish,  by  heating  with  a  little  caustic 
soda  solution  and  add  this  solution  to  that  which  is  eventually 
obtained  from  the  sodium  peroxide  fusion. 

Heat  the  mixture  in  the  nickel  crucible  with  a  very  small  flame 
until  the  flux  is  melted  and  continue  t  lie  heat  ing  for  about  half  an 
hour,  heating  just  hot  enough  to  keep  the  sodium  peroxide  liquid. 
After  allowing  the  crucible;  to  cool,  place  it  in  a  beaker  and  add 
just  enough  water  to  cover  the  crucible.  Heat  the  water  t<> 
hasten  the  solution  of  the  melt  and  when  all  is  dissolved,  remove 
the  crucible  and  wash  it  out  with  hot  water.  Dilute  the  solution 

1  Ilinrichsrn,  Mitt.  Ki:l.  M..tcTi;»lpnifunpsamt ,  26,  308  (1907)  or  Si.-ihl 
u.  KIX-M.  27,  1418  (1907). 
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to  about  200  cc.  an<l,  if  it  appears  green  in  color  after  tin-  f« 
hydroxide  ha-  -ettled  nut,  a«M  a  little  >odium  |M-roxide  from  t  he 
blade  <•!'  a  knit'.-;  tin-  sei  diice  sodium  inanganatc  to  man- 

ganese dioxide.     Allow  the  precipitate  t<.  -rttle  completely  and 
decant  the  clear  solution  through  a  filter,  catching  the  fill 
in  a  250  CC.  calibrated  Ha-k.       Wash  tlie  precipitate  in  I  he  b.  aker 
by  pouring   dilute   sodium   carbonate  solution  i'2  g.  |MT  100  CC. 
Water)    Upon    it.    allow    the    precipitate    to    settle,   and   decant  the 
1  in, u id  through  the  filter.      Repeat  the  washing  -eveial  times  until 
certain  that   all  the  sodium  tungstate  has  been  dissolved.      Then 
cool  the  filtrate  to  room   temperature  and  dilute  to  the  mark. 
Mix  the  solution   thoroughly   and   take  an   aliquot    part    for   the 
further   analy-is,  e.g.,  two-fifths.      Tran-fer   the  aliquot    part  of 
the  solution  to  a  beaker  of  about  3~)()  cc.  capacity  and  precipr 
with  mercurous  nitrate  solution,  exactly  as  described  on  p. 
Treat    the    precipitate    with    sulfuric    and    hydrofluoric    acid-    t«> 
remove  the  silica  and  continue  the  purification  process  as  de- 
scribed on  p.  327. 

Instead  of  determining  the  chromium  in  the  same  sample,  it 
is  a  little  easier  to  take  another  aliquot  part  of  the  solution  ami 
determine  the  chromium  in  it  according  to  p.  292.  By  multi- 
plying the  weight  of  chromium  thus  obtained  by  the  factor 
1.1(12,  the  corresponding  weight  of  chromic  oxide  is  obtained: 
deduct  this  from  the  weight  of  the  impure  tungMen  trioxide. 

If  vanadium  and  molybdenum  are  present,  these  elements 
must  be  determined  by  methods  to  be  described  in  the  sections 
of  this  book  which  immediately  follow.  (  '01  responding  quanti- 
ties of  \' •.•<).-,  and  Mo<>;;  must  be  deducted  from  the  weight  of 
impure  tung>ten  trioxide. 

If  much  phosphorus  is  present  it  must  also  be  determined  and 
allowance  made.  As  a  rule,  however,  the  phosphorus  content 
of  tungsten  Meel  is  not  over  0.03  per  rent,  and  the  error  resulting 
from  neglect im:  it  i-  not  serious. 

2.  DETERMINATION    OF  TUNGSTEN   IN   MATERIALS  INSOLUBLE 

IN  ACID 

(Ferro-tungsten,  Metallic  Tuny*!- 

Principle. — Iron  alloys  rich  in  tungsten  may  be  analy/ed  by 
treatment  with  magnesia-sodium  carbonate  mixture  i  p.  178) 
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provided  the  metal  is  brittle  enough  to  be  powdered.  The 
tungsten  is  thereby  con  verted  to  sodium  tungstate  which  di>-<>l\e- 
in  water. 

Procedure. — Mix  from  1  to  3  g.  of  the  finely  powdered  material 
in  an  agate  mortar  with  6  or  8  times  as  much  of  Eschka 
mixture  and  heat  in  a  platinum  crucible  for  about  an  hour  over 
a  Me*ker  burner.  After  cooling,  extract  the  sintered  mass  in  a 
beaker  with  hot  water.  If  the  solution  is  colored  green  by  sodium 
manganate,  add  a  little  sodium  peroxide  and  heat  the  solution 
to  precipitate  the  manganese  as  dioxide.  Filter  off  the  sodium 
tungstate  after  allowing  the  precipitate  to  settle.  Wash  the 
residue  on  the  filter  with  hot  water,  then  transfer  it  to  the  same 
platinum  crucible  that  was  used  before,  smoke  off  the  filter  and 
fuse  again  with  about  4  times  as  much  Eschka  mixture  as  the 
original  weight  of  the  material.  By  a  second  fusion  of  an  hour, 
all  the  tungsten  is  converted  to  sodium  tungstate  unless  the 
material  was  too  coarse. 

The  well-washed  residue  may  be  used  for  the  determination  of 
iron  and  manganese. 

Dilute  the  combined  filtrates  in  a  500  cc.  calibrated  flask  and 
determine  the  tungsten  in  an  aliquot  part  of  the  solution  by  the 
method  described  on  p.  325.  If  the  filtrate  obtained  after  fusion 
is  yellow,  chromium  is  present;  in  such  cases  determine  the 
chromium  in  another  aliquot  part  of  the  solution  (p.  292  et  seq.) 
and  deduct  the  corresponding  weight  of  chromic  oxide,  Cr2Os, 
from  the  weight  of  impure  tungsten  trioxide.  If  vanadium  and 
molybdenum  are  present,  these  elements  must  also  be  determined 
(pp.  333  and  343). 

The  method  just  described  can  be  used  for  the  determination 
of  tungsten  in  metallic  tungsten.  In  most  cases,  however,  it  is 
more  important  to  know  how  much  metallic  tungsten  an  alloy 
contains  rather  than  to  know  the  total  tungsten  content,  whether 
as  metal  or  oxide,  or  combined  with  other  non-metallic  elements. 
By  deducting  the  impurities  from  100,  the  percentage  of  metallic 
tungsten  can  be  found. 

To  determine  the  iron,  manganese,  lime,  calcium  and  magnesia, 
fuse  from  2  to  4  g.  of  the  finely  powdered  metal  with  6  times  as 
much  pure  sodium  carbonate,  placing  the  mixture  in  a  platinum 
crucible  which  already  contains  a  little  sodium  carbonate  on 
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the  bottom.  Heat  the  fusion  mixture  an  hour  or  two  over  a 
Bnn^en  Immrr  keeping  the  content^  of  the  crucible  ju-t  !M-|.I\V 
the  fusion  temperature.  Finally  raise  the  triii|MTUUm»  atld 
heat  over  the  l»l:iM  lamp  for  a  xhori  time.  In  this  way  a  satis- 
factory fusion  can  he  made.  After  di— olving  the  m. -It  in  water, 
and  heating  with  a  little  sodium  peroxide,  the  residue  contains 
ferric  oxide.  mangane-e  dioxide,  nickel  oxide,  calcium  carbonate 
and  inamie-siuin  carbonate  to  the  extent  tliat  t  hesr  element^  \\.-re 
present  in  the  metallic  tung>ten.  Some  of  the  iron  u>ually  ftd- 
hmfl  t«>  the  -ide-  of  the  crucible;  dissolve  this  \ty  wanning  with 
h\'drochloiic  acid.  All  those  substances  in  the  residue  arc  de- 
termined in  the  usual  way.  Further  impurities  are  carbon, 
silicon,  oxygen  combined  with  iron  or  tungsten  (for  whirh  a 
corresponding  weight  of  ferric  oxide  or  tungsten  trioxide  is  de- 
ducted), phosphorus,  chromium,  vanadium  molybdenum,  alu- 
minium, water-soluble  alkali  tun:  to.  These  elements 
are  determined  as  described  in  the  corresponding  chapters  of 
this  book. 

Test  Analyses. — A  solution  of  sodium  tungstatc  was  prepared 
and  the  tungsten  determined  by  precipitation  with  mercurous 
niti  ate.  In  duplicate  determinations  the  values  0.0681  and 
0.0082  g.  \\(  *  were  obtained  in  25  cc.  of  solution. 

Twenty-five-cubic-centimeter  portions  of  this  sodium  tungstate 
solution  were  mixed  with  two  port  ions  of  ferric  chloride  solution, 
corresponding  to  l.li  and  :^.'2  g  of  metallic  iron,  and  the  deter- 
mination of  the  tungsten  carried  out  by  Method  \<t.  The  values 
obtained  in  the  analy>i>  weiv  0.0683  and  ().(M»S2  gm.  \VO».  An 
equally  close  agreement  was  obtained  when  only  5  cc.  of  the  so- 
dium tungstate  solution  were  used. 

In  two  other  experiments,  tungstate  solution  corresponding 
to  0.0204  g.  W<>;  was  mixed  with  ferric  chloride  solution  corre- 
sponding to  5  g.  of  Fe  and  sodium  silicate  solution  corresponding 
to  0.0.">H  and  0.1082  g.  Si()2.  In  these  experiments  0.0739  and 
0.1268  g.  of  W03  +  SiO-j  were  obtained  ami.  after  the  volatiliza- 
tion of  the  silica,  0.0200  and  0.0193  g.  WO«. 

A  sample  of  tungsten  Meel  was  analyzed  by  Method  l</  and 
by  Method  16.     In  the  former  case  only  about  0.001  g.  of  CrtO» 
contaminated  the  WOs  precipitate  but  in  the  latter  case  0.0: 
of  (  V.O.,  was  present.     After  making  the  correction  for  chromium, 
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the  values  obtained  were  5.83  and  5.88  by  Method  la  and  5.71 
and  5.75  by  Method  16. 

Another  sample,  which  was  difficultly  soluble  in  nitric  acid,  was 
dissolved  by  adding  several  portions  of  concentrated  hydrochloric 
acid  to  the  nitric  acid  solution;  the  contamination  of  the  tungsten 
precipitate  was  in  one  case  just  as  large  in  Method  la  as  in  Method 
16.  The  values  obtained  in  the  analysis  of  this  steel  were  4.29 
and  4.20  per  cent.  W  by  Method  la  and  4.17  and  4.34  by 
Method  16. 

A  steel  richer  in  tungsten  was  analyzed  by  Method  16  and  there 
was  but  little  contamination  by  chromium.  The  corrected 
values  obtained  were  18.84  and  18.83  per  cent.  W. 

ACCURACY  OF  THE  METHOD  AND  PERMISSIBLE  VARIATIONS 

Small  quantities  of  tungsten  can  be  detected  qualitatively,  but 
it  is  not  easy  to  estimate  quantities  less  than  0.02  per  cent.  \V. 
As  a  rule,  the  following  agreement  can  be  obtained  in  duplicate 
determinations : 

Permissible 
Tungsten  Content  Deviation 

0.2-     0.5  per  cent ±  0.02  per  cent. 

0.5-     1 . 0  per  cent ±  0. 03  per  cent. 

1.0-     5.0  per  cent ±  0 . 05  per  cent . 

5.0  -  10.0  per  cent ±  0.08  per  cent. 

10.0  -  20.0  per  cent ±  0.10  per  cent.' 


i  II  \riii;   \\ 

VANADIUM 
Small    quantities  of   vanadium   arc  often   present  in  cast  iron 

to  the  presence  of  wuMuJiumintheiron  <u«\     Vanadium  is 

oxidized  very  ea>ily  and  fur  that  rea-un  i-  used,  like  aliiiiiiiiiiini 
and  titanium,  a>  a  deo\idi/ing  agent  in  the  manufacture  uf  steel. 
When  the  amount  of  vanadium  added  i-  --mall,  the  greater  part  <.f 
it  passes  into  the  slag  so  that  the  finished  steel  is  often  greatly 
benefited  ami  yet  does  not  contain  any  vanadium.  SjM-cial 
on  the  other  hand,  often  contain  vanadium  as  an  essential  part  of 
the  alloy. 

1.  DETERMINATION  IN  IRON  AND  STEEL  BY  THE 
ETHER  METHOD 

(a)  IODOMETRIC  DETERMINATION 

Principle. — Vanadium,  like  manganese  and  many  other  metals, 
can  be  separated  from  ferric  chloride  in  hydrochloric  acid  solution 
by  shaking  the  solution  with  ether.  If,  however,  the  separation 
is  carried  out  exactly  as  described  for  mannane-e.  it  sometimes 
happens  that  a  little  vanadium  follows  the  iron  into  the  ether;  this 
vanadium  may  be  removed  from  the  ether  solution  by  shaking 
with  hydrochloric  acid  (sp.  gr.  1.1)  that  has  been  saturated  with 
ether,  and  adding  a  few  drops  of  hydrogen  peroxide,  which  form- 
pervanadic  arid,  insoluble  in  ether. 

The  vanadium  may  be  separated  from  manganese,  nickel,  etc., 
by  an  oxidizing  fusion  (cf.  p.  189)  and  from  chromium  by  heating 
with  pota— iiim  a.-id  tartrate  mixture  (p.  294).  In  the  aqueous 
extract  the  vanadium  may  be  determined  iodumetrically  by  the 
method  of  Holverscheit.1  The  vanadic  arid,  containing  quin- 
quevalertt  vanadium,  is  reduced  by  the  action  of  hydrobromic 
acid  to  either  hypovanadic  acid  or  vanadyl  salt,  probably  the 

1  Dissertation,  Merlin,  1890. 

333 


334 


ANALYSIS  OF  IRON  AND  STEEL 


latter,  in  which  the  vanadium  is  quadrivalent.     The  reaction 
may  be  expressed  as  follows: 


2V 


2Br-  = 


Br 


or, 


2HVO3  +  2KBr  +  6HC1  =  2VOC12  +  2KC1  +  Br2  +  4H20 

The  bromine  is  distilled  into  potassium  iodide  solution  and  the 
liberated  iodine  is  titrated  with  standard  thiosulfate  solution. 
The  equation  shows  that  1  atom  of  vanadium  loses  one  valence 
charge  and  is  equivalent  to  1  atom  of  bromine ;  it  follows,  there- 
fore, that  1  cc.  of  normal  sodium  thiosulfate  solution  is  equivalent 
to  0.0510  g.  of  vanadium. 

Inasmuch  as  the  vanadium  content  of  iron  and  steel  is  usually 
very  low,  it  is  advisable  to  use  an  approximately  fiftieth-normal 

solution,  prepared  by  taking 
100  cc.  of  tenth-normal 
sodium  thiosulfate,  stand- 
ardized as  described  on  p. 
206,  268  or  287,  and  dilut- 
ing to  exactly  500  cc.  in  a 
calibrated  flask.  The  liter 
of  the  well-mixed  solution 
is  then  one-fifth  of  the  orig- 
inal solution. 

Necessary  Apparatus  and 
Solutions. — The    Rothe 
shaking   apparatus    and 
ether-hydrochloric  acid  so- 
lutions  are  described  on  p.    184.     For  distilling  off  the  iodine 
and  catching  the  vapors  in  potassium  iodide  solution,  the  Bun- 
sen  apparatus  shown  in  Fig.  131  is  used. 

Procedure.  Weiuli  out  10  15  ^.  of  the  material  into  a  porce- 
lain evaporating  dish  and  dissolve  in  dilute  nitric  acid  (sp.  gr. 
1.2).  Remove  the  silica  by  Method  \\  p.  173)  or  t he  determina- 
tion may  be  hastened  as  dr-cribed  on  p.  200.  In  the  filtrate  from 
the  silica,  remove  the  ferric,  chloride  by  shaking  with  ether 
described  on  p.  185.  To  remove  traces  of  vanadium  from  the 
ethereal  solution  of  ferric  chloride,  shake  the  latter  3  or  4  times 


131. 


i  i  \  \i>n  M 

with  tin-  10-cc.  portions  of  ether-hydrochloric  arid  .p.  gr.  1.10> 
and  3-5  (Imp-  of  :>  per  cent,  hydrogen  jxToxide  solution,  instead 
of  with  ether-hydrochloric  acid  al<>ne. 

Kther  usually  contains  a  little  peroxide,  and  this  suffice*,  when 
the  vanadium  content  U  low.  to  nive  a  n-ddi-h-brown  coloration 
to  the  aqueous  solution  fir-t  obtained  on  shaking  with  ether.  If 
more  vanadium  is  present  the  vanadium  solution  first  obtained  is 
bluish  green  or  blue.  If  much  vanadium  i>  pre^-nt  the  ether  solu- 
tion will  usually  contain  an  appreciable  <|uantity  of  vanadium; 
when  this  is  the  case,  dark  In-own  flocks  will  he  noticed  on  adding 
the  hydrogen  peroxide  to  the  olive-green  ferric  chloride  solution 
in  ether. 

After  the  removal  of  the  iron,  treat  the  solution  exactly  as 
described  on  p.  189,  finally  fusing  with  sodium  hydroxide  and 
sodium  peroxide,  and  dissolving  the  fused  mass  in  wat<»r. 

Filter  off  the  oxides  of  manganese  and  nickel  and  boil  the  fil- 
trate, which  is  yellow  if  chromium  is  pre>ent.  to  decompose  the 
6X066B  of  peroxide.  Ncutrali/e  the  solution  with  dilute  nitric  acid 
and  precipitate  the  vanadium  with  mercurous  nitrate  solution 
exactly  as  described  under  Chromium  (p.  293).  Test  the  color- 
less filtrate  with  more  mercurous  nitrate  solution  to  see  if  the  pre- 
cipitation was  complete.  If  no  more  precipitate  is  formed, 
acidify  the  filtrate  with  nitric  acid  and  add  a  few  drops  of  hydro- 
gen peroxide;  if  all  the  vanadium  was  precipitated  there  will  l>e 
no  brown  coloration  of  pervanadic  acid.  The  precipitate  con- 
tains all  the  vanadium  and  chromium  together  with  some  phos- 
phorus. After  filtering  and  washing  the  precipitate,  ignite  it  to- 
gether with  the  filter  in  a  platinum  crucible,  fuse  with  pota^<ium 
acid  tartrate  mixture  (cf.  Chromium,  p.  294),  and  extract  the 
product  of  the  fusion  with  a  little  hot  water. 

If  considerable  residue  was  obtained  after  heating  the  mercu- 
rous salt,  it  is  advisable  to  fuse  this  last  residue  of  chromic  oxide 
with  potassium  acid  tartrate  again.  The  fusion  may  be  accom- 
plished in  the  same  way  as  before,  or  the  chromic  oxide  may  be 
fused  with  pure  sodium  carbonate  and  then  enough  potassium 
acid  tartrate  added  to  reduce  all  the  chromium  to  chromic  oxide. 
i:\tract  the  fused  product  with  hot  water  and  add  the  solution 
to  that  previously  obtained.  Wash  the  roidual  chromic  oxide 
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and  carbon  with  hot  water  until  the  soluble  alkali  salts  are 
all  dissolved. 

Concentrate  the  aqueous  solution  of  the  sodium  vanadate  to 
about  35  cc.  and  transfer  it  to  the  decomposition  flask  of  the 
Bunsen  apparatus  (Fig.  131),  washing  out  the  beaker  several 
times  with  a  little  water  and  keeping  the  total  volume  of  liquid  as 
small  as  possible. 

Neutralize  the  solution  in  the  flask  by  the  cautious  addition  of 
concentrated  hydrochloric  acid  (free  from  chlorine)  and  add  about 
30  cc.  of  the  concentrated  acid  in  excess  to  the  solution  which  is 
now  yellow  in  color.  Introduce  about  3  g.  of  pure  potassium 
bromide  and  at  once  connect  the  apparatus  as  shown  in  the  draw- 
ing, placing  a  concentrated  solution  of  pure  potassium  iodide* 
(from  5  to  10  g.  free  from  iodate)  in  the  receiver.  Arrange  the 
apparatus  so  that  the  receiver  can  be  turned  in  the  clamp  to  let 
air  escape  during  the  distillation.  The  tube  which  leads  from  the 
distilling  flask  to  the  iodine  solution  should  have  an  opening 
from  1  to  2  mm.  in  diameter. 

Gradually  heat  the  liquid  in  the  flask  to  boiling  and  allow  the  air 
to  escape,  from  time  to  time,  by  turning  the  receiver.  After  the 
distillation  begins,  shown  by  the  fact  that  the  vapors  are  absorbed 
with  a  hissing  noise,  continue  heating  for  about  10  min.  longer. 
The  yellow  solution  in  the  distilling  flask  changes  to  green  and 
finally  blue  when  all  the  quinquevalent  vanadium  has  been  re- 
duced to  the  quadrivalent  condition.  Then,  before  taking  the 
flame  away,  detach  the  receiver  from  the  clamp  and  remove  it 
from  the  delivery  tubing;  after  this  the  flame  may  be  withdrawn 
without  danger  of  the  solution  sucking  back.  Cool  the  contents 
of  the  receiver  under  running  water,  rinse  it  into  an  Erlenmeyer 
flask,  and  titrate  the  free  iodine  with  sodium  thiosulfate  sol utinn , 
adding  starch  solution  toward  the  last.  To  make  certain  that. 
there  is  no  unchanged  vanadate  in  the  decomposition  flask,  fill 
the  receiver  with  fresh  potassium  iodide  solution  and  repeat  tin- 
distillation. 

Computation. — If  //  <•<•.  of  /-normal  sodium  thiosulfate  solu- 
tion were  used  in  titrating  the  vanadium  in  a  sample  weighing  s 
g.,  then 

.    .,       nX/X5.10 
per  cent.  V  = 
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(I))   TlTHATION   OF  VANADIUM  \\1IM    l'«.r\  —  It'll  PKKU  ANtiANATE1 

Principle.—  Tin1  \  anadmm  i^  >epaiated  from  tin-  iron  UM  ill  the 

previous  method  and  from  rliromiuiii  l.y  precipitation  with  BO- 
(liuiii  hydroxide.  The  vanadium  i-  then  precipitated  in  acetic 
arid  solution  l»y  means  of  lead  acetate.  The  lead  vanadate  ift 
dk<olved  in  hot  hydrochloric  acid,  the  vanadium  minced  to 
vaiuulyl  salt  hy  boiling  with  hydrochloric  acid  and  tin*  vanadyi 
salt  is  oxidized  with  potassium  permanganate.  The  reaction* 
may  be  expre—  «-d  as  follow-: 

Pb,(V04),  +  OHC'l     =  3PbCls  4-  2H,VO4 
2H3VO4  +  OHC1     =  2VOC1,  -f  OH2()  -I 

VOC1,  +  H,.,-"          \«>so4-f  2HC1 

5VOSO,  4-  KMn04  -f  11H2O  =  5H3VO4  -f  KHSO4  +  MnSO4 

-h 


Procedure.  —  Carry  out  the  ether  separation  exactly  a- 
scrihetl  in  the  previous  method  and  remove  the  dissolved  ether  by 
evaporating  on  the  water  bath.  Add  nitric  acid  in  excess  and 
evaporate  to  remove  the  hydrochloric  acid.  When  the  solution  is 
almost  sirupy,  add  20  cc.  of  hot  water  and  heat  with  a  few  drop 
sulfurous  acid  solution  to  reduce  any  chromic  arid  that  may  have 
been  formed.  Boil  and  slowly  pour  the  hot  solution,  stirring 
vigorously,  into  a  boiling  solution  of  sodium  hydroxide  (100  g. 
NaOH  to  the  liter;  1  cc.  of  this  solution  will  neutralize  about 
2.4  cc.  of  nitric  acid,  sp.  gr.  1.2).  Boil  the  solution  a  few  min- 
utes. allow  the  precipitate  to  settle,  filter,  and  wash  the  precipi- 
tate until  it  is  free  from  alkali.  The  precipitate  contains  the 
hydroxides  of  chromium,  nickel  and  iron,  copper  and  inanganflM 
while  the  vanadium  remains  in  the  filtrate  as  sodium  vanadate. 
To  remove  traces  of  chromium  that  may  be  left  in  the  filtrate, 
slightly  acidify  with  dilute  nitric  acid,  make  alkaline  with  sodium 
hydroxide  and  boil  again.  If  any  more  precipitate  is  formed, 
filter,  and  make  the  filtrate  acid  with  acetic  acid.  Heat  the 
filtrate  to  boiling,  add  an  excess  of  lead  acetate  solution  (usually 
10  cc.  is  sufficient)  and  boil  for  several  minutes.  Filter  off  the 
precipitate  of  yellow  lead  vanadate  and  wash  it  with  hot  water. 
Dissolve  the  precipitate  l.y  pouring  hot  dilute  hydrochloric 

»r/.  A.  A.  Illnir.  .1.  Am.  Clicm.  S.<-..  30,  1228. 
M 
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acid  through  the  filter.1  Evaporate  nearly  to  dryness,  add  50  cc. 
of  hydrochloric  acid  (sp.  gr.  1.2),  and  again  evaporate  nearly  to 
dryness.  Finally  add  10  cc.  of  concentrated  sulfuric  acid  and 
evaporate  until  the  acid  fumes  freely.  Cool,  dilute  to  150  cc., 
heat  to  between  60°  and  70°,  and  titrate  slowly  with  dilute  per- 
manganate solution. 

Computation. — If  n  cc.  of  /-normal  permanganate  were  used  in 
titrating  the  vanadium  in  a  sample  weighing  sg.,  then  as  on  p.  336, 

nXfX  5.10 
per  cent.  V  =  - 

s 

NOTES. — Campagne-  lias  shown  that  good  results  can  be  obtained  by 
t  his  reduction  with  hydrochloric  acid  when  not  more  than  0.1  g.  of  vana- 
dium is  present.  Gooch  and  Stockey3  have  also  shown  that  the  reduc- 
tion by  means  of  hydrochloric  acid  is  practically  complete.  Rosenheim4 
and  Holverscheidt,5  however,  have  claimed  that  the  results  are  a  little 
low,  and  that  the  reduction  by  means  of  sulfurous  acid  is  safer.  With 
this  reagent  the  reduction  is  accomplished  by  boiling  the  solution,  which 
contains  sulfuric  acid,  while  passing  sulfur  dioxide  through  it  until  the 
solution  appears  a  pure  blue,  showing  that  the  vanadic  acid  has  been 
reduced  to  vanadyl  salt.  Continue  the  boiling  and  replace  the  stream  of 
sulfur  dioxide  with  one  of  carbon  dioxide,  until  the  vapors  when  led  into 
a  dilute  solution  of  potassium  permanganate  will  no  longer  decolorize 
it.  Then  titrate  the  hot  solution  with  permanganate. 

This  method  may  be  carried  out  after  a  previous  titration  with  per- 
manganate, so  that  it  may  be  used  as  a  check  upon  the  other  method. 

Miiller  and  Diefenthaler,6  in  the  analysis  of  ferro-vanadium  found 
that  the  reduction  by  means  of  hydrochloric  acid  alone  did  not  always 
give  dependable  results.  They  found  that  much  depended  upon  the 
exact  manner  in  which  the  evaporation  was  conducted  and  that  different 
values  were  obtained  after  evaporation  in  an  Erlenmeyer  flask  than  when 
an  open  porcelain  evaporating  dish  was  used.  They  regard  the  reduc- 
tion with  sulfurous  acid  as  the  standard  method  but  find  that  nearly  as 
good  results  can  be  obtained  by  evaporating  with  hydrochloric  acid 

1  If  there  is  much  precipitate,  remove  the  lead  by  evaporating  to  dryness, 
moistening  the  residue  with  hydrochloric  acid,  and  treating  with  alcohol. 
Filter  off  the  lead  chloride  and  evaporate  off  the  alcohol;  the  vanadium 
will  then  he  present  entirely  as  vanadyl  salt. 

8  Her  ,  36,  .{164. 

'Chern.  News,  87,  m;  'A.  armru.  ('hem..  32,  456. 

4  Ann.,  251,  l«.)7. 

6  Inautf.  Diss.,  Merlin,  1890. 

•  Z.  anorg.  Chem.,  71,  243  <  I'M  1 ). 


VANADIUM 

:in«l  alcohol.  The  pin.-ednre  they  rcriimmnidfd  for  tin-  ulllilydi  Of 
fcrro-vaimdium  i-  :i>  fnll- 

Weigh  alxmi  I  K.  of  the  finely  divided  alloy  into  a  covered  beaker  and 
o  it  in  a  little  concentrated  nitric  acid.  Kvaporato  to  remove 
the  r\ress  nitric  acj.l.  add  a  little  concentrated  hydrochloric  acid  and 
e\  aporate  nearly  to  drynesN  to  change  the  ferric  nitrate  into  ferric  chlo- 
ride. Add  'JO  re.  niorr  of  concentrated  hydrochloric  acid  and  50  CC.  of 
alcohol  and  evaporate,  by  gently  boiling  the  solution,  to  alxuit  6  OC. 
Kin-e  the  solution  into  a  calibrated  flask  and  determine  iron  in  one 
aliquot  part  and  the  vanadium  in  another. 

Determine  the  iron  by  the  iodometric  method  niven  on  p.  318.  The 
re-ult-  are  usually  about  0..">  per  cent,  too  hi^h. 

Determine  the  vanadium  by  titrating  the  cold  solution  \uth  |x»rman- 
g.'tiiate.  u>iiiK  the  niannane-e  >ulfate  reayent  as  in  the  determination  of 
iron  by  the  Zimmerman-Reinhardt  meth  >S). 

2.  DETERMINATION  OF  VANADIUM  AFTER  A  FUSION 

Principle. — Tin1  finely  powdered  material  is  fused  with  :i  suit- 
aide  alkaline  flux,  t  be  alkali  vanadate  thus  formed  is  dissolved 
in  water,  and  then  determined  as  in  the  above  methods.  To 
make  sure  that  the  residue  insoluble  in  water  contains  no 
vanadium,  it  is  advisable  to  fuse  it  a  second  time. 

If  it  is  impossible  to  reduce  the  original  material  to  a  powder,  it 
is  best  to  treat  first  with  nitric  acid,  evaporate  the  nitrates  to 
dr\  ness,  convert  them  into  oxides  by  ignition,  and  then  carry  out 
the  fusion. 

Procedure. — Mix  1-2  g.  of  the  finely  powdered  material  in  an 
a^ate  mortar  with  (i  times  its  weight  of  Rothe  magnesia-sodium 
carbonate  mixture  (1  :2)  and  heat  the  mixture  in  a  platinum  cru- 
cible as  described  on  p.  178. 

With  samples  which  are  not  brittle  enough  to  powder,  dissolve 
2-3  g.  in  a  small  porcelain  dish  with  nitric  acid  (sp.  gr.  1.2), 
evaporate  the  solution,  heat  to  decompose  the  nitrates,  and 
fus»  the  residue  in  a  nickel  crucible  with  12-18  g.  of  sodium 
peroxide  (r/.  p.  298). 

In  both  cases,  extract  the  product  of  the  fusion  with  water;  if 
the  solution  is  colored  green  by  manganute.  reduce  the  latter  to 
mangane^-  di«i\ide  by  addimr  a  little  sodium  peroxide. 

Then  filter  off  the  insoluble  residue  through  an  ashless  filter, 
wash  it  thoroughly  with  hot  water,  and  ignite  the  filter  with  its 
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contents  in  a  platinum  crucible.  Mix  the  residue  with  3-6  g. 
of  sodium  carbonate,  again  fuse  and  extract  with  hot  water, 
adding  the  solution  to  that  previously  obtained. 

The  combined  filtrates  contain  all  the  vanadium  as  sodium 
vanadate  in  the  presence  of  sodium  phosphate,  chromate,  tung- 
state,  etc.  Neutralize  the  solution  with  nitric  acid  and  treat  wit  h 
mercurous  nitrate  solution  as  described  on  p.  293.  * 

If  the  vanadium  content  is  high,  so  that  a  large  mercurous  pre- 
cipitate is  to  be  expected,  dilute  the  solution  in  a  calibrated  flask 
and  use  an  aliquot  part  for  the  treatment  with  mercurous  nitrate. 

Filter  off  the  precipitate,  ignite,  and  fuse  the  oxides  with  sodium 
carbonate  and  acid  potassium  tartrate  as  described  on  p.  294. 
Extract  the  fusion  with  water,  filter  off  the  chromic  oxide  and 
carbon,  and  concentrate  the  filtrate  to  a  small  volume.  Neu- 
tralize the  solution  with  hydrochloric  acid  and  distil  with 
potassium  bromide  as  described  on  p.  334. 

Or,  instead  of  determining  the  vanadium  iodometrically,  the 
aqueous  solution  which  has  been  freed  from  chromium  may  be 
evaporated  with  hydrochloric  acid  and  the  reduced  vanadyl  salt 
determined  by  titrating  with  permanganate  (cf.  p.  337). 

3.  GRAVIMETRIC  DETERMINATION  OF  VANADIUM2 

Principle. — Ammonium  metavanadate,  NH4VO3,  is  insoluble 
in  a  cold,  saturated  solution  of  ammonium  chloride.  By  ignit  ion, 
it  is  changed  into  vanadium  pentoxide,  V^Os. 

The  ammonium  chloride  method  of  precipitating  vanadium 
cannot  be  used  in  the  presence  of  tungstate.3  If  chromate  is 
present,  some  chromate  is  precipitated  with  the  vanadium  and 
some  vanadium  is  not  precipitated,  so  that  in  many  cases  the 
correct  value  is  obtained  by  compensation.  The  presence  of 
phosphate,  arsenate,  molybdate  or  sulfate  does  not  seriously 
interfere. 

Procedure. — If  tungsten  is  present  start  the  analysis  according 

1  If  no  chromium  is  present,  the  aqueous  solution  is  colorless.  In  such 
a  case,  the  vanadium  can  be  determined  directly  without  previous  precipi- 
tation with  mercurous  nitrate.  Acidify  the  solution  at  once  with  hydro- 
chloric acid  and  transfer  to  the  evolution  flask. 

*  cf.  Gooch  and  Gill.ert,  Z.  anorg.  Chern.,  32,  17.">  (1902);  E.  Cam  panne, 

Her.,  1903,  :n», i. 

3  Rosenheim,  Z.  anorg.  Chein..  32,  1*1  (1902). 
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tQ  \b-thod  \,i,  di-solving  about  ."»  g.  of  the  material,  removing  the 
silica  and  tungsieii  from  hydrochloric  arid  solution,  t  hr  iron  by 
.shaking  with  ether,  and  fusing  in  a  platinum  di-h.  etc.  In  the 
absence  of  iron.  MM  hod  J  may  be  used. 

I  n  t  li« - .-,  .ft  ungsteii,  Method  2  may  be  used  for  utarting 

tiie  analysis. 

Ignite  the  mercurous  nitrate  precipitate,  obtained  by  cither  of 
these  methods,  and  remove  the  chromium  by  the  sodium  carbon- 
ate and  potassium  acid  tart  rate  fusion.  N'eut  rali/.e  t  he  acjueous 
extract  of  the  fusion  with  nitric  acid  and  d<-<-.,l,,n/«-  the  yellow 
solution  by  adding  a  little  ammonia  and  heating.  Estimate  the 
approximate  volume  of  the  solution  and,  if  it  seems  ad\i>ablr, 
concentrate  it  somewhat. 

To  the  cold  solution  add,  all  at  once,  2.5  g.  of  pure*  ammo- 
nium chloride  for  each  10  cc.  of  solution  and  stir  vigorously  to 
dissolve  the  salt.  The  solution  becoi m •>  colder,  a  turbidity  form-, 
and  gradually  white  flocks  of  ammonium  metavanadate  are  pi.  - 
cipitated.  When  this  procedure  is  followed  there  is  little  tend- 
ency for  the  precipitate  to  attach  itself  to  the  sides  of  the 
beaker. 

Allow  the  solution  to  stand  at  least  8  hr.,  then  filter  and  wash 
the  precipitate  with  cold,  25  per  cent,  ammonium  chloride 
solution.  Ignite  the  precipitate  in  a  platinum  crucible,  finally 
melting  the  vanadium  pentoxide. 

After  weighing  the  oxide,  \'..'  >.,.  boil  it  with  a  little  concentrated 
sodium  hydroxide  solution.  It  should  dissolve  in  the  alkali  with- 
out leaving  any  residue.  The  purity  of  the  precipitate  may 
be  tested  by  pouring  the  solution  into  the  Hunsen  apparatus, 
acidifying  and  distilling  with  potassium  bromide,  a.s  described 
on  p.  334. 

Computation. — If  p  g.  of  vanadium  pentoxide  were  obtained 
from  a  sample  weighing  -sg.,  then 

per  cent.  V  =  56.04  Pg 

Test  Analyses.  (<i)  Experiments  with  Sodium  Vanadate  Solu- 
tion.— Fifty  cubic  centimeters  of  the  solution  were  treated  with 
mercurous  nit  rate  solution  and  on  ignition  0.3051  g.  of  ViO; 

obtained. 
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Ten  cubic  centimeters  of  the  solution  required  6. (35  cc.  of  sodium 
thiosulfate  solution;  according  to  this,  50  cc.  =  0.3030  g. 

When  using  25-  and  50-cc.  portions  of  the  solution,  the  results 
obtained  by  iodometric  titration  corresponded  in  each  case  to 
0.3034  g.  V2O5  in  50  cc. 

Twenty-five  cubic  centimeters  of  solution  precipitated  with 
ammonium  chloride  gave  0.1528  g.  V2Ot>;  50  cc.  of  solution 
would  contain,  therefore,  0.3056  g.  V2O6. 

The  ammonium  chloride  process  was  carried  out  with  25-cc. 
portions  of  sodium  vanadate  solution  in  the  presence  of  1-g. 
portions  of  each  of  the  following  salts :  potassium  acetate,  sodium 
nitrate,  sodium  sulfate,  sodium  phosphate,  potassium  arsenate, 
ammonium  molybdate,  potassium  chromate  and  sodium  tung- 
state.  With  each  of  the  first  five  salts  the  values  ranged  from 
0.1520  to  0.1528  g.  of  V2O5,  which  agreed  satisfactorily  with 
the  theoretical  value,  0.1526  g.  V2O5.  With  ammonium  molyb- 
date, the  precipitation  of  the  vanadium  was  complete  but  the 
precipitate  contained  about  2  mg.  of  impurity.  With  the 
chromate  about  the  same  excess  weight  was  obtained  and  the 
filtrate  contained  a  little  vanadium.  In  the  presence  of  tungsten, 
the  precipitate  weighed  about  3  mg.  too  little  and  contained 
tungsten. 

(6)  Separation  of  Vanadium  and  Iron  by  the  Ether  Process. — 
Ten  cubic  centimeters  of  a  vanadium  solution,  prepared  by  dis- 
solving vanadium  pentoxide  in  hydrochloric  acid,  contained 
0.2300  g.  V2O6. 

When  mixed  with  ferric  chloride  solution,  corresponding  to  3.2 
g.  of  metallic  iron,  the  ammonium  chloride  precipitate  yielded 
0.2304  g.  V2O5.  With  ferric  chloride  corresponding  to  6.5  g.  of 
iron,  the  value  was  0.2295  g.  V2C>6. 

(c)  Determination  of  Vanadium  in  Different  Materials. — The 
analysis  of  a  cast  iron  by  the  ammonium  chloride  process, 
using  !-<_:.  samples  gave  0.029  per  cent,  and  0.025  per  cent.  V. 

Anot  her  specimen  of  cast  iron  was  analyzed  by  Method  la  and 
the  values  obtained  with  5-g.  samples  were  0.139  per  cent,  and 
0.133  per  cent.  V. 

An  alloy  stcd  containing  tungsten,  chromium,  molybdenum 
and  vanadium  was  analyzed  by  Method  la  and  the  values  ob- 
tained with  5-g.  samples  were  2.14  and  2.17  per  cent.  V. 


CHAPTER  XVI 
MOLYBDENUM 

Molybdenum  is  seldom  present  :i>  impurity  in  iron  or  steel  but 
is  somet imes  added  intent ionally.  J-'ei  ro-mo|ybdenuin,  chrome- 
molybdenum  and  metallic  molybdenum  are  used  in  the  pn-para- 

t  :«>n   tit'  ^p.M-ial  steels. 

Principle. — Iron  and  molybdenum  cannot  be  separated  from 
one  another  by  the  ether  method.  Blair1  has  shown  that  prac- 
tically  all  the  molybdenum  follows  the  ferric  chloride  into  the 
ether.  The  best  way  of  separating  molybdenum  and  iron  i«, 
probably  by  a  suitable  fusion  method  whereby  the  molybdenum 
is  converted  into  soluble  alkali  molybdate  and  the  iron  i>  left 
behind  as  insoluble  ferric  oxide.  In  the  aqueous  solution  the 
molybdenum  may  be  precipitated  as  sulfide  and  the  molybdenum 
determined  as  oxide  after  igniting  the  sulfide.  Molybdenum 
sulfide,  MoS3,  belongs  to  the  group  of  sulfides  which  are  insoluble 
in  acid  but  soluble  in  alkaline  sulfide  solutions. 

Procedure. — If  the  material  can  be  pulverized,  fuse  1-2  g.  of 
the  powder  with  (\  times  as  much  of  Hot  he  magnesia-sodium 
carbonate  mixture  (1  :2),  at  not  too  high  a  temj>erature.  ami 
extract  the  ignited  product  with  hot  water  ( p.  17!'>.  <  >' 
filings  or  drillings,  dissolve  2-3  g.  in  nitric  acid  (sp.  gr.  1.2), 
de-troy  the  nitrates  as  described  on  p.  208,  and  fuse  the  oxides 
with  sodium  peroxide  in  a  nickel  crucible  at  a  relatively  low 
temperature. 

After  extracting  with  water,  filter  off  the  undissolved  oxides, 
wash  well  and  fuse  agnin  with  3-6  g.  pure  sodium  carbonate  in 
a  platinum  crucible.  Kxtract  the  product  of  this  fusion  with 
water  and  add  the  filtered  solution  to  that  previously  obtained. 

The  filtrates  now  contain  beside  all  the  molybdenum,  any 
vanadium,  tungsten,  phosphorus,  silicon,  etc..  that  was  originally 
present.  If  the  molybdenum  content  is  considerable,  dilute  up 

1  J.  Am.  Chen i.  Boc.,  30,  1228. 
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to  the  mark  in  a  calibrated  flask  and  use  an  aliquot  part  of  the 
well-mixed  solution  for  the  further  analysis.  If  the  molybdenum 
content  is  small,  use  the  entire  solution. 

Neutralize  the  greater  part  of  the  alkali  with  dilute  sulfuric 
acid,  evaporate  the  solution  to  50-100  cc.,  add  25  cc.  of  strong 
ammonia,  and  saturate  the  solution  with  ammonium  sulfide. 
Then  acidify  with  dilute  sulfuric  acid  and  warm  the  solution 
while  passing  hydrogen  sulfide  gas  through  it.  In  this  way  there 
is  no  difficulty  in  precipitating  all  the  molybdenum  as  sulfide. 

If  tungsten  is  present,  add  tartaric  acid  to  the  solution  before 
making  it  acid.  This  prevents  the  precipitation  of  tungsten.1 

Filter  off  the  precipitate  of  molybdenum  sulfide  and  wash  the 
precipitate  with  very  dilute  sulfuric  acid  and  finally  with  water. 
Ignite  the  precipitate  with  the  filter  in  a  weighed  porcelain  cruci- 
ble at  as  low  a  temperature  as  possible.2 

Heat  the  crucible  at  first  with  a  very  low  flame  so  that  the  point 
of  the  flame  just  touches  the  crucible,  placing  this  flame  at  the 
front  of  the  crucible  until  all  the  moisture  is  expelled  and  then 
at  the  base  of  the  crucible,  so  that  escaping  hydrocarbons  will 
not  take  fire.  Turn  the  crucible  a  little  from  time  to  time  to 
hasten  the  decomposition  into  molybdenum  oxide,  MoOs. 
Finally,  when  all  but  a  little  of  the  carbon  has  been  consumed, 
dissolve  the  oxide  in  a  little  ammonia,  add  a  few  crystals  of  am- 
monium nitrate,  evaporate  carefully  to  dryness,  and  ignite  until 
all  the  ammonium  salts  are  volatilized.  If  necessary,  repeat 
this  treatment  till  all  the  carbon  is  consumed. 

If  vanadium  is  present,  the  molybdenum  trioxide  has  a  dark 
color.  After  weighing  the  oxides,  dissolve  them  in  a  little  caustic 
soda  solution  and  determine  the  vanadium  by  Method  la  or  16. 
Deduct  the  corresponding  amount  of  vanadium  pentoxioV  <  I  cc. 
normal  solution  =  0.0091  g.  V206)  from  the  weight  of  impure 
molybdenum  oxide. 

If  arsenic  is  present,  it  may  be  removed  by  precipitating  the 
ammoniacal  solution  with  magnesia  mixture  before  precipitating 
the  molybdenum;  the  arsenic  is  precipitated  as  magnesium 
ammonium  arsenate,  which  on  ignition  is  changed  to  magnesium 
pyroarsenate,  Mg2As207. 


nnd  Meyer,  Z.  anorg.  Clu-n...  1,  7(>  (1892). 
C'/.  Frinlh.'iin  and  Kulrr,  H«T.,  28,  2(Mil  (1X95). 
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tilt  la!.-  1 1 ..in  t||«.  hydrogen  Miltide  precipitation  will  have  a 
violet  or  blui>h-grern  color  if  chromium  and  vanadium  an*  pres- 
ent. It  may  be  toh-d  again  with  hydrogen  Miltido  tO  MO  if  the 
pn -. •ipitat.ion  of  tin-  molybdenum  sulfide  Was  complete. 

1'ure  molybdenum  oxide  baa  a  light  yellow  color  u  hen  cold. 
<  Mi  adding  a  drop  <>f  -ulfuric  acid  and  evaporating  off  the  exceoB 
acid,  a  Ix'autiflll  blue  color  is  ohtain.  d. 

Computation. — If  /;  «•  <>f  p»»n«  molylMh-inim  tnoxide  were 
ohtaiiu-d  from  *  g.  of  stwl,  then 


..          66.67  X  p 

p.-i   cent.  Mo   -   - 


. — The  molybdenum  may  he  determined  in  the  ether  solution 
obtained  as  on  p.  is.").1    The  procedure  is  us  follows: 

Evaporate  the  ether  solution  nearly  to  dryness,  add  10  re.  of  c<> 
trated  sulfuric  acid  and  again  evaporate  to  remove  the  hydrochloric 
acid.  Cool,  dissolve  in  about  100  cc.  of  water  and  reduce  the  ferric  salt 
hy  adding  anunonium  bisulfite.  Hoil  o!T  the  excess  of  sulfurous  acid 
and  cool  the  solution.  Transfer  it  to  a  200-rr.  pressure  hottle,  saturate 
with  hydrogen  sulfide  gas,  stopjH'r  the  bottle,  and  h«':it  on  the  \\airr 
bath  for  -everal  hours.  Allow  the  solution  to  cool  slowly,  open  the 
bottle,  and  filter  off  the  molybdenum  sulfide.  Ignite  it  as 
above  and  weigh  the  pure  molybdenum  oxide,  MoOi. 

\      \     I'.hnr.   .1.   A.M.  Cliem.  Sic..  30,    L23& 


CHAPTER  XVII 
OXYGEN 

Ingot  iron,  or  mild  steel,  often  contains  combined  oxygen. 
The  amount  of  oxides  present  depends  upon  the  extent  to  which 
decarburization  has  been  effected  by  oxidation  in  the  manufacture 
of  the  material. 

The  oxygen  is  present  chiefly  as  ferrous  oxide  dissolved  in  the 
crystals  of  ferrite  but  it  may  be  present  as  other  oxide  enclosed  in 
the  metal.  In  1882  Ledebur1  proposed  a  method  for  the  determina- 
tion of  oxygen  based  upon  the  reduction  of  the  oxide  at  a  red  heat 
by  hydrogen  and  weighing  the  water  thus  formed.  Ledebur's 
method  is  the  one  that  has  been  used  most  for  the  determination 
of  oxygen  in  iron  and  steel  but  although  it  reduces  quantitatively 
the  oxides  of  iron,  molybdenum,  tungsten,  etc.,  to  the  metallic 
state,  any  oxygen  combined  with  manganese,  aluminium,  silicon, 
titanium,  etc.,  escapes  the  determination,  or  at  least  for  the  most 
part.  In  1912,  W.  H.  Walker  and  W.  A.  Patrick2  published  a 
method  by  which  nearly  all  oxides  are  reduced.  The  metal  is 
heated  in  an  electric  vacuum  furnace  with  graphite  and  the  car- 
bon monoxide  formed  is  determined. 

1.  LEDEBUR'S  METHOD 

To  obtain  accurate  results,  it  is  necessary  that  the  original 
material  be  perfectly  dry  and  free  from  organic  matter  and  that 
the  hydrogen  be  free  from  oxygen. 

Apparatus. — The  hydrogen  may  be  prepared  from  a  J  ink< m  r 
generator,3  a  Kipp  generator  or  by  the  electrolysis  of  dilute  >ul- 

>Stalil  u.  Kiscn,  2,  1M  (1SS2  I  •  itf:ul<-n  fiir  Kis«'iihiittrn-IJah«,r:it,.rirn.  p. 
105  (1900). 

2J.  Iml.  Kim.  n.rm.,  4,  790  1912);  Mh  Intern.  Congr.  Appl.  ( 'hern.,  21, 
139  (I'.HJ 

8  Fig.  132,  at  tin-  extreme  right. 
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furic  acid.  The  gas  is  washed  to  remove  impurities1  and  thon,  to 
remove  any  possibility  of  truces  of  oxygen  remaining,  it  is  passed 
through  a  hot  porcelain  tube  containing  platinized  asbestos. 
The  water  obtained  from  the  union  of  hydrogen  and  oxygen  in  t  his 
tube  is  removed  by  passing  the  gas  through  a  U-tube  containing 
phosphorus  pentoxide  between  plugs  of  glass  wool. 

The  thoroughly  purified  and  dried  gas  then  enters  the  porcelain 
combustion  tube  in  which  the  sample  is  to  be  heated  and  the 
water  formed  from  the  oxygen  in  the  sample  is  absorbed  in  a 
weighed  tube  containing  phosphorus  pentoxide.  To  prevent 
contamination  of  the  latter  from  moisture  in  the  atmosphere,  this 
last  absorption  tube  is  connected  with  a  bubble  tube  containing 
a  little  concentrated  sulf uric  acid ;  this  tube  also  serves  to  indicate 
the  rate  at  which  the  gas  is  passing  through  the  apparatus. 

Procedure. — Special  pains  must  be  taken  with  the  sample  to  be 
used  in  this  determination.  To  remove  organic  substances  such 
as  oil  or  grease,  wash  the  borings  with  chloroform,  alcohol  and 
ether  using  reagents  which  are  free  from  non-volatile  residue. 
Select  borings  free  from  rust  or  scale,  unless  it  is  desired  to  de- 
termine the  oxygen  in  such  portions  of  the  metal.  Finally,  dry 
the  sample  by  heating  in  a  hot  closet  at  105°  and  cool  in  a 
desiccator. 

Before  starting  the  analysis  proper,  it  is  necessary  to  carry  out 
a  blank  experiment  with  the  apparatus  all  in  place  and  using  the 
same  procedure  as  in  the  analysis  itself;  this  is  to  make  sure  that 
there  is  no  gain  in  weight  in  the  phosphorus  pentoxide  tube  owing 
to  impurities  in  the  hydrogen,  to  leaky  apparatus,  or  to  moisture 
in  the  tube. 

Pass  a  current  of  hydrogen  through  the  entire  apparatus  with- 
out, at  first,  heating  eit  her  of  the  porcelain  tubes.  After  30  or  45 
min.  collect  a  little  of  the  escaping  gas  in  a  test  tube  and  te>t  it 
to  see  if  it  will  burn  quietly.  If  this  is  the  case,  light  the  burner- 
under  the  tube  containing  the  platinized  asbestos  and  keep  this 

1  In  Fig.  132,  the  purification  train  consists  of  a  tube  containing  50  per 
miit.  caustic  potash  solution  (to  remove  HC1,  H2S,  etc.),  a  tube  containing 
alkaline  pyrogallol  solution  (:tl>out  3  per  cent,  pyrogallol  in  10  per  cent. 
caustic  potash:  this  serves  to  remove  oxygen)  and  a  tube  containing  con- 
centrated phosphoric  acid  (to  remove  most  of  the  moisture). 

In-t«-:id  of  pun-  caustic  potash  solution,  Ledebur  recommends  a  solution 
of  lead  oxide  in  caustic  potash. 


tube  hot  as  long  as  a  continuous  st  ream  uf  hydrogen  is  In-ing  patted 
through  the  apparatus,  i>  •  b  khe  phosphorus  pentoaddetobe, 

allow    it     to    Maud    near    tin-    balance    for    1")    inin.    and    weigh. 

\u  tin  connect  this  tube  with  the  apparatus  and  heat  the  empty 
combustion  tube  to  redness  during  a  jx-nod  of  iil)  to  \~t  nun. 
Thru  turn  nut  I  hi-  burner>  uiid'T  thi>  lulu-  and  allow  it  to  OOOl 
while  the  current  of  hydrogen  i-  Mill  pa  —  mu.  I  >etach  the  al»orp- 
tion  tul>e,  allow  it  to  stand  at  lea>t  \~>  inin.  near  the  balance 

and  again  weigh  it.  If  this  second  weight  is  within  1  ing. 
of  the  first  weight,  the  apparatus  is  ready  for  the  combustion 

of  the  sample. 

Weigh  out  1.")  •:  .  or  more,  of  the  metal  into  a  porcelain  boat.  If 
it  is  desirrd  to  iM'  a  larger  quantity  of  the  material,  weigh  it  upon 
a  watch-glass,  dry  in  a  closet  at  105°  for  an  hour,  cool  in  a  desicca- 
tor, and  weigh  again.  If  heating  for  half  an  hour  longer  cause* 
no  further  loss  in  weight,  introduce  the  sample  into  the  combus- 
tion tube  which  has  already  been  heat-ed  in  a  current  of  hydrogen. 
Large  samples  may  be  introduced  directly  into  the  comb  . 
tube  between  plugs  of  ignited  asbestos.  Before  heating  or 
connecting  the  absorption  tube,  pass  the  hydrogen  through  the 
apparatus  for  an  hour  in  order  to  remove  all  traces  of  atmospheric 
oxygen.  Then  connect  the  weighed  absorption  tube  and  U-um 
to  heat  the  tube  containing  the  sample.  Gradually  raise  the 
temperature  till  a  bright  red  heat  is  obtained  and  keep  the  tube 
at  this  temperature  for  about  30  min.,  then  turn  down  the 
flames  and  allow  the  furnace  to  cool.  Finally  detach  the  absorp- 
tion tube,  allow  it  to  stand  near  the  balance  for  at  least  15  min. 
and  weigh. 

After  the  furnace  has  cooled  down  with  the  hydrogen  still  pass- 
in-  through  it,  the  oxidixed  sample  can  be  removed  from  the  tuU> 
and  the  apparatus  is  ready  for  a  new  determination. 

Computation.  —  If  s  represents  the  weight  of  sample  taken  for 
analysis  and  p  the  weight  of  water  obtained  in  the  absorption 
tube,  then 


p  X  0  X  100  .  i> 

I"1'' 


HiO  X  s 

Applicability  of  the  Method.  —  Besides  serving  for  the  determi- 
nation of  oxygen  in  iron,  the  method  can  be  used  with  a  fair  degree 
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of  accuracy  for  determining  the  extent  to  which  a  sample  of  mate- 
lial  has  rusted  and  for  determining  the  amount  of  combined  oxy- 
gen in  samples  of  metallic  tungsten  or  molybdenum,  or  in  the 
alloys  of  these  elements  with  iron. 

Test  Analyses.  1.  Determination  of  Oxygen  in  Mild  Steel. 
—Using  40-g.  samples  the  values  0.018  and  0.020  per  cent.  O 
were  obtained  in  duplicate  determinations  with  one  sample  and 
the  values  0.016  and  0.015  per  cent,  with  another. 

Determination  of  Rust  on  Cast-iron  Borings. — The  borings  were 
composed  of  coarse  particles  and  of  very  fine  particles.  By  means 
of  sieves  the  borings  were  sorted  into  three  portions  according  to 
fineness.  Fifteen  grams  of  borings  gave  6.795  g.  of  finest  chips, 
4.747  g.  of  coarser  chips  and  3.456  g.  of  coarsest  chips.  Using  these 
proportions  of  the  material  the  values  2.60  and  2.50  per  cent.  0 
were  obtained  by  combustion  of  a  15  g.  composite  sample. 

3.  Determination   of  the  Oxygen  Content  of  Ferrotungsten. — 
Ton-gram  portions  of  the   dried  and   powdered  material  gave 
duplicate  results  of  0.056  and  0.050  per  cent.  O. 

4.  Determination  of  the  Oxygen  Content  of  Powdered  Tungsten. 
— Duplicate  determinations  with  samples  weighing  about  30  g. 
gave  the  values  0.044  and  0.043  per  cent.  O. 

5.  Oxygen  in  Metallic  Tungsten  and  in  Metallic  Molybdenum. 
— The  combustion  in  hydrogen  of  two  different  samples  of  tung- 
sten showed  0.46  and  0.52  per  cent.  O  and  with  two  different 
samples  of  molybdenum  the  values  0.22  and  0.59  per  cent.  O 
were  obtained;  10-g.  samples  were  used  in  each  case. 

2.  METHOD  OF  WM.  H.  WALKER  AND  W.  A.  PATRICK1 
Apparatus. — A  vacuum  furuu.ro  of  the  Arsem  type  (Fig.  133), 
having  a  capacity  of  about  325  cc.  capacity,  is  recommended.2 
Tin-  £un-metal  chamber  A  rests  inside  a  water  jacket  R.  The 
cover  B  is  fastened  to  the  chamber  by  means  of  18  cap  screws,  Z), 
and  the  joint  is  made  tight  by  a  rigid  load  gasket.  The  tube,  J, 
through  which  t  lie  furnace  is  exhausted,  is  soldered  into  the  cover. 
The  window  G  is  fastened  by  the  cover  to  six  cap-screws  and  the 
joint  is  made  tight  by  another  lead  washer.  The  mica  window  E 

1  .!.  Iixl.  Ktitf.  < 'linn..  4,  TIM)  (1012);  Sth  Intern.  Congr.  Appl.  ('hcni..21, 
139. 

•MT.-il  Kl.-rtrir.  < '«'..  Schmc.-t :,. Iv.  \.  ^>  ..  -      .1.  AIM.  ( 'hem.  SOC.,  28,  !>21 
(1906). 


OX  } 


is  placed  in  the  top  of  the  window   tube.     The  brass  tulirs  Wt 

throunh  \\hich  Water  fioWS,  Serve  as  e|.M-lMMl«*.  BctWCHMl  tllC 
electrodes  I  In-  graphite  healer  /,  i>  f:i-h-iu-d  l.y  iin-aiis  of  .  lalllJW 
U.  Tin*  cnicihlr  cnniainin^  the  Mjl.M anc«-  i-  -npjMirteo!  on  the 
stand  shown  in  the  drawing  and  is  thus  plared  in  t ho  hottest  part 
of  the  furna. 

\  <>\-  r\  a.Miatiti*:  the  furnace  a  small  rotary  ml  pump  in  series 
with  a  (  ieryk  pump1  wnrk>  satisfactorily  and  will  nive  a  vacuum 


Fio.  133. 

of  0.01  mm.  in  loss  than  15  min.     The  apparatus  for  collect  iim 

thecarhon  monoxide  is  shown  in  Fig.  134. 

Procedure.  —  Care  should  l>o  taken  in  preparing  the  sample  a* 
described  on  p.  348.     Blank  determinations  should  also  be  made 

to  determine  the  (juantity  of  carbon  monoxide  formed  when  no 
oxide  is  present  ;  and  in  every  analysis  allowance  must  be  ma- 
the  amount  of  carbon  monoxid>-  thus  obtained. 


To  be  ohtnimtl  from  any 


ili-alrr  in  srii-ntitir  apparatus 
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For  the  analysis  itself,  weigh  20  to  25  g.  of  the  metal  into  a  .small 
graphite  crucible  and  add  4  or  5  g.  of  powdered  graphite.  Place 
the  crucible  on  the  support  in  the  furnace  and  bolt  down  the 
cover  of  the  latter.  By  means  of  the  vacuum  pump,  thoroughly 
exhaust  the  furnace,  then  turn  on  the  cooling  water  and  heat 
the  furnace  to  about  500-600°  with  the  pump  still  running. 
This  is  necessary  to  withdraw  the  oxygen  absorbed  by  the 
heater  and  crucible.  As  carbon  does  not  begin  to  reduce  oxides 
below  900°  there  is  no  danger  in  heating  the  crucible  up  to  500°. 
After  heating  15  min.  at  this  temperature,  allow  the  crucible 


I'M;.    134. 

to  cool,  which  it  docs  very  rapidly.  Introduce  nitrogen,  that  has 
been  dried  over  sulfuric acid  and  phosphorus  pentoxide,  into  the 
cold  furnace  until  about  half  an  atmosphere  pressure  is  obtained. 
Again  evacuate  the  furnace  and  heat  gently  as  before.  Only  by 
such  treatment  is  it  possible  to  reduce  the  oxygen  left  in  the  t  ubc 
to  a  reasonably  small  value. 

Now  turn  off  the  stopcock  leading  to  the  pump  and  apply 
seventy  volts  to  the  electrodes,  which  causes  a  current  of  a  bout  'Jun 
amperes  to  flow  through  the  heater.  A  high  temperature  i-  ob- 
tained very  quickly  and  the  metal  usually  melts  within  3  or  4 


i»\  >- 

mill.  .Just  as  the  metal  meli>  \  io|.-nt  ebullition  ofh-n  <•• 
To  stop  this  OJM MI  the  circuit  for  a  short  time  ami  allow  theehancp 
to  cool  somewhat.  \Vhen  the  metal  is  quiet  continue  the  h<  it  ing 
for 20  miii.  Then  cool  the  furnace  thoroughly  and  finally  fill  the 
furnace  to  atmospheric  pressure  with  nit  mum  that  has  been 
dried  over  sulfurie  acid  and  phosphorus  pcnto\ide. 

The  gas  now  in  the  furnace  is  analyzed  for  carbon  monoxide 
in  the  following  manner: 

aust  the  ve»el  (',  l'ig.  134,  by  means  of  the'l'oepler  pump, 
7'.  and  connect,  it  with  the  furnace  as  indicate*!  in  the  drawing. 
Open  the  stopcock  at  the  furnace  and  note,  hy  means  of  the  dif- 
ferent ial  i--aure  .W,  t  lie  difference  bet  ween  t  he  at  rnospheric  pressure 
and  the  pressure  within  the  furnace.  Open  the  stojx-oek  / 
fill  C  and  the  pump  T  with  gas  from  the  furnace.  A  decrease  in 
pressure  corresponding  to  the  volume  of  gas  withdrawn  from  the 
furnace  is  shown  hy  the  gage  M.  In  this  way  it  is  easy  to  com- 
pute, without  errors  due  to  temperature  variation,  what  fraction 
of  the  original  volume  of  gas  in  the  furnace  is  used  for  theanalysis. 

Slowly  force  the  gas,  through  the  purifyingtrainof  concent  rated 
sulfurie  acid,  solid  caustic  potash  and  solid  phosphorus  pentoxide, 
into  the  tube  containing  iodine  pent  oxide  which  is  heated  to 
130°;  here  the  carbon  monoxide  is  oxidized  to  carbon  dioxide  and 
an  equivalent  quantity  of  iodine  is  liberated.  The  iodine  is  ab- 
sorbed in  a  10  per  cent,  solution  of  potassium  iodide  and  finally 
titrated  with  JV/100  sodium  thiosulfate  solution. 

Computation. — If  n  cc.  of  hundredth-normal  sodium  thiosul- 
fate solution  are  used  in  titrating  the  iodine  absorbed  in  theanaly- 
sis of  a  sample  weighing  s  grams  and  n\  represents  the  number  of 
cc.  of  the  same  thiosulfate  used  in  a  blank  experiment,  then 

vr  (n  -  nQ  0.008 
N  -  =  IXT  cent.  O 

NOTES. — In  all  cases  an  appreciable  quantity  of  iodine  is  obt 
in  a  blank  experiment.     This  is  accounted  for  in  thrc.  lirst,  :i 

practically  constant  quantity  of  iodine  is  set  free  when  air  or  nitrogen 
free  from  carbon  monoxide  is  led  over  hot  iodine  pentoxide;  second, 
there  is  always  a  little  al>><>rhed  oxygen  retained  on  the  walls  awl  in 
the  heater  of  the  furnace;  third,  a  trace  of  moisture  is  left  in  the  furnace 
and  reacts  with  the  hot  carbon.  By  keeping  the  temperat  lire  of  the 
iodine  pentoxide  at  130°  the  oxidation  of  the  carbon  monoxide  is  com- 
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plete  and  the  decomposition  of  the  iodine  pentoxide  is  reduced  to  a 
minimum.  By  carefully  carrying  out  the  analysis  as  outlined  above, 
the  weight  of  oxygen  corresponding  to  a  blank  determination  is 
about  12  mg. 

Instead  of  using  the  Toepler  pump,  it  is  much  more  simple  to  use  a 
mercury  aspirator,  replacing  the  reservoir  C  (Fig.  134)  by  a  liter  bottle 
which  may  be  filled  with  mercury.  It  is  then  easy  to  withdraw  a  known 
fraction  of  the  furnace  contents  and  to  force  it  through  the  iodine 
pentoxide  tube. 

Although  the  results  obtained  by  the  method  are  not  as  accurate  as 
might  be  desired,  and  although  the  method  requires  a  complicated 
apparatus  and  careful  manipulation,  it  is  nevertheless  of  value  for  d« 
mining  the  presence  of  oxides  which  are  not  indicated  by  the  Ledebur 
method  and  serves  to  explain  the  discrepancies  often  noted  between 
the  oxygen  content  as  determined  by  that  method  and  the  physical 
and  chemical  properties  of  the  materials. 

TEST  ANALYSES 

1.  OXYGEN  FROM  FERRIC  OXIDE,  ALUMINA  AND  SILICA 
To  determine  the  accuracy  with  which  the  oxygen  of  a  sample 
of  iron  or  steel  will  be  converted  to  carbon  monoxide,  a  number 
of  analyses  were  made  using  an  iron  of  very  low  oxygen  content, 
and  adding  known  quantities  of  the  various  oxides  in  the  pure  form. 
In  addition  to  iron  oxide,  only  the  very  refractory  oxides  of  alu- 
minium and  silicon  were  used;  other  more  easily  reducible  oxides 
such  as  manganese  and  copper  can  introduce  no  difficulties.  The 
weighed  amount  of  pure  oxide  together  with  a  known  weight  of 
iron  was  placed  in  the  graphite  crucible,  covered  with  powdere.l 
graphite  and  heated  as  described.  The  following  results  wen- 
obtained : 


Weight  of  oxide 

Oxygen  calculated 

<  IXVIM-N  f.-urid 

Ferric  oxide  

0.5650 

0.1695 

0.1700 

Ferric  oxide  

0.6525 

0  1960 

0  1940 

Ferric  oxide.  .  .  . 

0  8400 

0  2520 

0  2440 

Ferric  oxide 

0  1516 

0  0455 

0  0480 

Alumina  

o   (''_>:, 

0.2310 

O.'J 

Alumina                           

0    is.  id 

0.0875 

o  OHIO 

Alumina                          

0.3065 

o  mn 

0.  1 

Silica 

o  Oi 

0    n 

0      1. 

Silica                                

o  o:;_>(i 

0.0181 

0  0171 

M.\    } 


2.  COMPARATIVE  RESULTS  BY  THE  LEDEBUR  AND  WALKER. 
PATRICK  METHODS 

/>/<•  \n.  1  was  a  .sprrial  licat  of  ojM'ii-hrarth  Ht<fl  to  whirh 
iron  ore  ami  an  OXC088  of  manganese  were  added  in  the  ladlt*. 
The  finished  strel  i»a\e  evidence  of  having  a  high  oxVRen  COntOIlt. 
No.  2.  was  a  high-grade,  opm-hearth  steel.  No.  :j  wan  aiao  Ml 
open-hearth  Meel  and  No.  4  was  the  same  as  No.  3  but  from  an 
iniioi  to  whirh  niv  \\a-  ad«li-d.  Nos.  7  and  8  were  nnmplcn  of 
open-hearth  steel  and  Nos.  <>  and  LO  were  open-hearth  iroiL  Not. 

I  1<;  and  1  \l>  wen-  dupli<  -ai«-  analyses  of  an  in^ot  iron  of  early  inanu- 
fart  me  and  Nos.  12a  and  126  were  duplicate  analynes  of  ingot 
iron  of  later  make. 


No. 

!'•••   ,  ,  nt 

0 

1'.    •        .   K- 

Mn 

!•- 

1'.  r       .  ril 

1- 

!'.  -     .-,< 

,. 

!-.  .      .      ' 

jg 

Patrick 

1 

1)   P.I 

0.92 

n  n.-.j 

o  rj.: 

0  006 

0  29 

2 

o  .....i 

0  09 

3 

0  17 

o  .;:, 

n  •)'•: 

0  064 

0  017 

....... 

n   11 

4 

0    1_> 

n   17 

n  or,:, 

<»     (ISS 

0  015 

0  33 

5 

n  M 

0  18 

0  061 

0  087 

0  019 

0  31 

6 

0    It 

()   _M 

0.070 

n  M'.»  -j 

n  IN  in 

....... 

0  065 

7 

0  O9 

II    (Mi:, 

0.068 

0  006 

0.17 

.1     IMI'I 

0  021 

8 

(1   (is 

0.33 

i»  ...;«, 

0.070 

0  005 

ii  j  * 

0  010 

0.039 

9 

0  01 

0.03 

0.050 

0  007 

0.003 

0.20 

0  037 

0  056 

10 

0  01 

0  04 

n  in:, 

0.004 

0.19 

0.052 

0  064 

11" 

0.01 

t  nuv 

0.015 

0.002 

i  •» 

n   j; 

\\i> 

0.01 

0.015 

II    IKCJ 

0.076 

0  21 

1  '2n 

0.02 

0  ():; 

0.029 

0.004 

0.0014 

it  n;:; 

0    10 

i)  iij 

0  03 

i)  nj'i 

II    IHII 

0.0014 

0  043 

0.11 

CHAPTER  XVIII 
NITROGEN 

For  many  years  nitrogen  was  believed  to  play  an  important 
part  in  the  manufacture  of  steel.  This  view,  however,  has  U:m 
discredited  and  the  determination  of  nitrogen  is  one  that  is  seldom 
included  in  the  chemical  examination  of  a  sample  of  steel.  Yet 
there  is  considerable  evidence  in  the  literature  that  the  small 
quantities  of  nitrogen  present  in  steel,  rarely  much  more  than  0.01 
per  cent.,  may  have  considerable  influence  upon  the  value  of  the 
product.  As  a  rule,  nitrogen  produces  brittleness,  but  whether 
this  effect  is  produced  by  the  element  alone  or  only  in  conjunction 
with  sulfur  and  phosphorus  is  not  definitely  settled.  Stromcyrr 
has  claimed  that  nitrogen  has  10  times  more  effect  than  phos- 
phorus in  raising  the  tenacity  of  steel,  and  states  that  in  a  good 
specimen  of  steel  the  percentage  of  phosphorus  increased  by  5 
times  the  percentage  of  nitrogen  should  not  exceed  0.080  per 
cent.  Nitrogen  is  probably  present  in  steel  either  as  FeeN2  or 
as  Fe4N2. 

1.  DETERMINATION  OF  NITROGEN  IN  STEEL 
Method  of  A.  H.  Allen.1 

Principle. — When  steel  is  dissolved  in  sulfuric  or  hydrochloric 
acid,  all  the  combined  nitrogen  is  obtained  in  the  form  of  ammo- 
nium salt.  If  the  solution  is  boiled  with  an  excess  of  sodium 
hydroxide,  ammonia  is  distilled  off  and  can  be  determined  by  the 
Nessler  test  or  by  absorption  in  a  measured  volume  of  standard 
acid  and  titrating  the  excess  of  the  latter  with  standard  alkali. 
The  quantity  of  nitrogen  present  is  so  small,  however,  that  it 
requires  a  large  sample  of  steel,  10  g.  at  least,  to  give  enough 
ammonia  to  determine  accurately  by  the  latter  method. 

1  First  proposed  by  A.  H.  Allen  (J.  Iron  and  St.-r-l  Institute.  1879,  480; 
1880,  181)  and  modified  by  J.  W.  Langley  (r/.  Blair's  Chemical  Analysis 
of  Iron  and  Steel). 

356 


NITKOGSN  357 

Reagents  Required,     h      il.-d  \\uter  Free  from  Ammo, 
Add  ti  little-  potassium  permanganate  at  id  ^.unr  xodium  carUmaU* 
Imary  diMilled  \\aterand  mli-til,  n-ji-.-tinK  t lie  first  fourth 
and  last  sixth  of  tin-  distillate. 

Standard  Ammonium  Chloride  Solution. — Dissolve  0.0382  g. 
of  pure  ammonium  chloride  in  1  liter  of  water  free  from  am- 
monia. One  cul»ic  centimeter  of  this  Dilution  is  equivalent  to 
0.01  mg.  of  nitrogen. 

normal  Ififilrttchloric  Acid. — Half  fill  a  liter  flask  with 
Concentrated  hydroehlorie  acid.  Through  a  two-holed  rubber 
stopper,  which  fit-  the  neck  of  the  fla>k.  m-ert  a  dropping  funnel 
and  a  gas  delivery  tube  connect ing  the  flask  with  a  second  flask 
containing  pure  water,  free  from  ammonia.  Foursome  pure 
cent  rated,  sulfurir  acid,  free  from  nitrous  acid,  into  the  dropping 
funnel  and  allow  this  to  flow  slowly  into  the  hydrochloric  acid, 
heating  the  contents  of  the  flask  as  required.  Distil  the  hydro- 
chlorie  acid  into  the  pure  water  until  the  specific  gravity  of  the 
acid  solution  thus  formed  is  about  1.1. 

Sodium  Ifi/droxide  Solution. — Dissolve  300  g.  of  pure  can-tic 
soda  in  500  cc.  of  water  and  digest  it  24  hr.  with  a  eop|xT-zinc 
couple.  To  make  the  couple,  cover  about  25  g.  of  thin  sheet 
zinc  with  a  fairly  concentrated  copper  sulfate  solution;  after 
about  10  inin.  pour  off  the  solution  and  wash  the  residue  of 
copper  and  /inc  with  cold,  distilled  water. 

Nessler's  Reagent. — Dissolve  (il.75  g.  of  pure  potassium  iodide 
in  250  cc.  of  distilled  water  and  add  a  cold,  saturated  solution  of 
mercuric  chloride,  prepared  by  obtaining  a  hot,  saturated  solu- 
tion and  allowing  the  excess  of  the  salt  to  crystallize  out  on  cool- 
ing.    Add  tne  mercuric  chloride  solution  very  carefully,  stopping 
when   a  slight   permanent,  ml  precipitate  of  mercuric  iodide, 
Hglj,  is  formed.     Dissolve  this  by  adding  0.75  g.  of  po\v< 
potassium  iodide  and  then  add  150  g.  of  potassium  hydi 
dissolved  in  250  cc.  of  water.     Make  up  to  a  liter  and  allow  it 
to  settle  over  night. 

Carefully  siphon  off  the  clear  solution  into  a  clean  bottle  and 
keep  it  in  a  dark  place.  This  solution  should  give  the  required 
color  within  ."»  min.  Nessler  solution  contains  the  complex  salt 
Ks[HgI4].  The  alkaline  solution  reacts  with  ammonia,  forming  a 
brown  precipitate,  or  a  coloration  varying  with  the  quantity  of 


358 


ANALYSIS  OF  IRON  AND  STEEL 


ammonia  present;  the  reaction  is  expressed   by  the   following 
equation: 

/HgK 
2K2[HgI4]  +  3KOH  +  NH4OH  =  <X^      )>NH2.I 

+  3H2O  -f-  7KI 

Procedure. — Place  30  cc.  of  the  sodium  hydroxide  solution  in 
the  500-cc.  Erlenmcyer  flask,  K,  Fig.  135,  add  500  cc.  of  water  and 
distil  until  a  50-cc.  portion  of  the  distillate,  when  treated  with 
1  cc.  of  Nessler  reagent,  will  give  less  color  than  is  obtained  with 


FIG.  1  :',.-). 


1  cc.  of  the  standard  ammonium  chloride  solution,  diluted  to 
50  cc.  with  water  free  from  ammonia,  and  similarly  treated  with 
Nessler  reagent. 

Meanwhile  dissolve  3  g.  of  carefully  washed  steel  turning  in 
30  cc.  of  the  pure,  six-normal  hydrochloric  acid,  heating  if  i 
sary.     Transfer  the  solution  to  the  bulb  of  the  dropping  funnel,  T, 
and,  when  the  solution  in  the  flask  is  boiled  free  from  ammonia. 
slowly  add  the  ferrous  chloride  solution.     Rotate  the  contents  of 
the  flask  to  make  sure  that  a  good  mixture  is  obtained  and  then 
carefully  continue  the  boiling.      When  about  50  cc.  of  dist  iii 
obtained,  transfer  it  to  a  Nessler  tube,  which  is  merely  a  long, 
cylindrical  tube  of  uniform  bore,  mix  it   with    1    cc.   of  N- 
reagent   and  allow  to  stand  5  min.     Compare  the  color  with 
that   obtained  with   1,  2,  3,  etc.,  cc.  portions  of  standard  ammo- 
nium chloride  solution,  each  treated  with  1  cc.  of  Nessler  rea| 
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diluted  to  :»()  00.  \\ith  he-t  \\ater  an. I  allowed  to. stand  5  iniii. 
1I«)M  tin-  tul>es  >ide  by  >i«|i-  in  a  slightly  inclined  position  ami 
look  down  upon  tlirm  with  a  background  of  white  pajXT.  The 
Standards  should  be  prepared  at  the  sumo  time  the  test  w  being 
made.  Make  a  note  of  the  number  of  <•<-.  of  ammonium  chloride 
solution  required  to  give  the  >ame  shade  as  that  of  the  Nesslerized 
distillate.  (  'ontiuue  to  collect  portions  of  the  distillate,  and 
match  them  with  the  standards,  until  finally  a  50-cc.  portion  is 
obtained  which  gives  a  distinctly  paler  color  than  that  obtained 
with  1  cc.  of  the  standard. 

Computation. — If  n  represents  the  sum  of  the  number  of  cc. 
of  standard  ammonium  chloride  solution  required  to  match  the 
various  portions  of  the  Nesslerized  distillate,  in  the  analysis  of 
a  sample  of  steel  weighing  *  g.,  then 

0.001  n 
per  cent.  N  =  - 

2.  MODIFICATION  OF  L.  E.  BARTON' 

Dissolve  5  g.  of  the  steel  in  40  cc.  of  ammonia-free  hydro- 
chloric acid  and  add  the  solution  to  the  distilling  flask  exactly 
as  in  the  above  directions.  Catch  the  distillate  in  a  graduated 
flask  and  distil  until  150  cc.  of  distillate  are  obtained;  this  will 
contain  all  of  the  nitrogen,  as  experience  has  shown. 

Then  add  25  cc.  of  the  standard  ammonium  chloride  solution 
to  the  contents  of  the  flask  and  distil  into  another  graduated 
flask  until  150  cc.  of  distillate  are  obtained,  which  will  also  contain 
all  of  the  nitrogen  in  the  standard.  To  this  add  6  cc.  of  Nessler 
reagent.  Since  the  standard  solution  contains  0.01  mg.  per  cc., 

25  X  0  01 
the  standard  distillate  will  now  contain — ^~ — =  0.0016  mg. 

per  cc.  A  single  standard  distillate  will  serve  for  the  determina- 
tion of  nitrogen  in  several  samples  of  steel  if  the  comparisons 
are  being  made  at  the  same  time. 

For  the  color  comparison,  place  30  cc.  of  the  distillate  from 
the  solution  of  the  steel  ( =  1  g.  of  metal)  into  one  of  a  pair  of 
Nessler  tubes,  add  1  cc.  of  Nessler  reagent  and  allow  the  color  to 
develop  by  letting  the  solution  stand  o  min.  Into  the  other 

1  J.  Ind.  EUR.  Chom.,  6,  1012  (1914). 
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Nessler  tube  run  in  the  standard  distillate  until  the  colors  in  the 
two  Nosier  tui»es  match,  making  the  final  comparison  after  bring- 
ing the  solutions  to  the  same  volume  by  the  addition  of  dis- 
tilled water  free  from  ammonia  to  one  or  the  other  of  the 
tubes.  Then  the  number  of  cc.  of  standard  distillate  used 
multiplied  by  0.0016  gives  the  percentage  of  nitrogen  in  the 
steel. 

The  results  in  duplicate  determinations  by  this  method  do  not 
usually  differ  by  more  than  0.0005  per  cent,  nitrogen.  The  aver- 
age nitrogen  content  of  steel  is  about  0.004  per  cent. 
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Also  called  Beryllium,  Be. 
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Acid  ammonium  sulfate  solution,  220 

Alkalimetric  method  for  determining  phosphorus,  234 

Allen's  method  for  determining  nitrogen,  306 

Aliiiiiiiiiiiin.  determination  of,  302 

Ammonia,  oxidation  of,  by  bromine,  102 

solution  for  phosphorus  determinations,  220 
Ammoniacal  cadmium  solution,  250 
Ammonium  chloride  standard  solution,  357 

molybdate  solution.  221.  228 
Amyl  alcohol  and  ether  mixture,  282 
Annealed  white  iron,  53 
Annealing.  :ir,,  52 

effect  on  gray  iron,  83 
on  white  iron,  52 

unintentional,  58 
Apparatus  for  car!>on  combustion,  128,  120,  140,  142,  157 

for  determining  nitrogen,  358 
oxygen,  346,  350, 

for  distilling  arsenic  tribromide,  248 
iodine,  253,  334 

for  electrolytic  deposition,  274 

for  filtering  barium  carbonate,  151,  163 

for  Goocli  crucibles,  104 

for  reducing  with  amalgamated  /inc.  230 

for  shaking  with  ether.  1M 

for  Volhard  determination  of    manganese,  204 
Arsenic,  determination  of.  217 

effect  on  phosphorus  determination.  240,  245 

removal  by  mean    of  hydrobromic  acid,  240 
Areenite  solution  for  manganese  determination,  205 
Asbestos  filter,  preparation  of,  158,  107,  103 
Asbestos  for  Gooch  crucibles,  103 

ignited,  158,  1C,7 
Atomic  weights  table,  361 

Ailstenite.   22.   23 


Bailey's  Gooch  crucible  holder,  104 
Bamber's  method  for  determining  sulfur,  256 
Barba's  method  for  determining  chromium,  206 


364  INDEX 

.Barium  hydroxide  methods  for  earbnn.   1  is.   Itil 

hydroxide  solution,  150 

Barton's  method  for  determining  nitrogen,  359 
Basic  acetate  method  for  phosphorus,  235 

Bessemer  pig,  analysis  of.   in 
Bi-muthate  method  for  chromium,  297 

method  for  manganese,  216 

Blank  carbon  determination,.   i:j:».   1  17.  153,  159 
Blanks  on  tin-  Jones  redactor.  '-Ml 
Boiler  plate,  segregation  in,  107 
Bromine,  action  on  ammonia.   !!•_' 
ion  on  iiiaiigam -•      I'.'J 

••Bu,       i.; 

••n  apparatus  used  in  determining  vanadium,  334 
Bushelled  wrought  iron,  116 


method  for  determining  carbon,  161 
•  !e  nf  iron,  19 
Carbon,  127 

apparatus  for  determining,  128,  129,  140,  142,  157 

determination  by  barium  hydroxide  methods,  148,  101 
determination  by  Cain  method.  161 

by  chrome-.sulfurie  acid  method,  128 
•initiation  by  ( 'orleis  met  hod.    l_'x 
nnination  by  direct  combustion  in  oxygen,  110 
iniination  by  potassium-cupric-chloride  met  hod,  155 
results  obtained  by  different  methods,  138,  147,  154,  165,  167 
Case-hardenrd  -p.Tim.-n>.    \~2 1 
Castings,  analy-i-  of  .-hilled,  51 

of  malleable,  55 
chilled.    17,  51 

nafleabli 

sampling  of  chilled  and  malle.il>!. 

Cast  iron,  analyses  of.  :,u.  :,  1 .  ft,  Kg,  til.  »,;;.  C,7,  81 

anneal. 

dulled.    17.    is.  :,l 
corrosion  <»f.  M 
Crystal-  in.  71 

detormination  of  manganese  in,  220 
diiiintcgr .'     M  of 
eflfect   of  anne:,|ing.  ."..',  83 
of  renieltmg.    ! 

-  Hcences  on.  71 
pay,  N 
baidened,  47,  48 


iron,    inequalities  ill  chemical  c.  >ni|x  >Mt  lull  of,  39,  62 

malleal'!. 

sampling  <>f  Hulled  and   in:illr:ibl< 
of  gray.   ."»'.» 
of  whit. 

segregat ion  in  molten.  i»7 

wheels,  analy-ix  of,  «'>»•.  f,7 

white,  39 

Cavities  in  iron  ami  spiegel.  crystals  in.    12,  71 
CciiH-ntitr,  19,  20 
Chemical  composition,  alYcrh-d  l>y  rate  of  cooling,  47 

effect  of  remcltirm.   II.   !'>,  81 

inequalities  in,  ;>'.».  ti'J 
('hilletl  castings,  47,  51 

sampling  of,  39 
('hronie-sulfurir  acid  method  for  carbon,  128 

mixture,  131 

( 'liromium,  2S(i 

determination  l>y  Harha's  method,  296 
by  bismuthate  method,  '_".i7 
by  other  method,  2sr> 
by  fusion  method,  298 
in  insoluble  materials,  299 
in  soluble  materials,  286 
indirect  tit  rat  ion  with  permanganate,  292,  298 

with  thiosulfate,  292 

influence  on  Volhard  determination  of  manganese,  213 
precipitation  as  mercurous  eliminate. 
purification  by  means  of  potassium  acid  tartrate,  295 
separation  from  iron  by  ether  method,  280,  300 
by  sodium  peroxide,  189,  290,  298 
by  magnesia  and  sodium  carbonate,  290,  299 
separation  from  phosphorus,  vanadium  and  tungsten,  294 
Cleaning  test  pieces  for  metallographic  study,  35 
Cobalt.  -Js-j 

separation  from  nickel  by  amyl  alcohol  and  ether,  282 

by  dimethyl  glyoxime,  270 

Colorimetric  determination  of  nitrogen,  350,  359 
of  sulfur,  251 
of  titanium.  309 

Colors  of  steel  at  various  temperatures,  36 
Cooling,  effect  of  rate  on  separation  of  graphite,  73 

on  white  imn.    17 
Copper,  203 

ammonium  chloride,  etching  with,   12.   17.  21.  23 
determination  after  removal  of  iron  with  ether.  J*,:, 
with  sulfuric  acid. 
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Copper  determination. as  oxid< 

electrolytic  determination  oi 

iodometric  determination  of.  2i»7 

precipitation  as  sulfide,  263 

sulfate  solution.    131 

('orleis  flask  for  <-arln»ii  determinations,  127 
Corroded  iron,  analysis  of,  84 

tals  in  cavities  of  iron  and  spiced.    I'J.  71 
Cupric  potassium  chloride  method  for  determining  carbon,  155 


Decomposition  of  cast  iron,  84 

vldioxime  (see  dimet hylglyoxime 
Dimethylglyoxime  method  for  determining  nickel,  270 

very  from  nickel  precipitate-.  _'7  1 
Di>mtegration  of  cast  iron.  M 
Distilled  water  free  from  ammonia,  357 
Drown  method  for  determining  silicon,  175 

E 

iii/.er  tubes,  corrosion  of,  85 
Klecfric  furnace  for  carbon  combustion,  140 

vacuum  furnace,  for  determination  of  oxygen,  350 
•rolytic  apparatus  of  Krary.  1*71 

initiation  of  copper,  266 
of  nickel.  L'7  \ 

Kmery  paper,  used  in  polishing  specimens,  9 
Kschka's  ignition  mixture,  178 
.ng  d^hes,  i:i.  93 
•in.d  Q|  Beyn,  I1-1 

of  Marten-  ami   Heyn.   14 

with  alcoholic  hydrochloric  acid.   1  J.   I'.t.  21,  23,  25 
with  copjM-r  ammonium  chloride,  12.  17.  21 
r -hydrochloric-acid  reagent.  184,  306 

method  for  removal  of  ferric  chloride,  184 
for  determination  of  aluminium 

of  chromium,  286 

of  iiiHiiKanr.se. 
ilfur,  255 

of  titanium. 

of  vanadium 

.'ion  net!  .'.  258 

•  -.  on  gr:>  n.   71 


dum  Miliitiun  for  pho>phorus  deternunat  101 
chloride  -ohition  for  titanium  determination-. 
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(•'••me  chloride,  MMii..v:il  l.v  ether,   IM  ._•.  300,333 

ite,  17.  i'».  22 

Feirochrome.  determination  <>f  chromium  in.  L".»'.>,  :{()! 

Ferromanganeoe,  analysis  of,  n,  'JU 

determination  of  manuane-e  in.   196,  208,  --'<> 

inequalities  in  the  chemical  composition  of,  39 

sampling  »f,  39 

I  <  i TI (phosphorus,  dctcnnination  of  phosphorus  in,  239 
'-ilicon.  detcrtn illation  of  njan^anor  in.  'J'J  1 

of  phosphon i>  in 

of  silicon  in.  178.  180 

l-ViTotitanium.  dftcrniinat  ion  of  titanium  in,  314,  316 
Ferrous  sulfatc  solution  for  chromium  determinations,  288 

for  man.uanoe  determinations,  215,  219 
I Vnovanadium,  determination  of  phosphorus  in,  243,  245 

of  vanadium  in,  338,  339 
Filters,  fitting  to  a  funnel,  171 

for  carbon  determinations.  151,  158,  163,  M7 
Finkener  method  for  precipitating  phosphorus,  223 

tower,  170 

Ford- Williams  method  for  determining  manganese,  214 
Frary  electrolytic  apparatus,  274 

G 

Globules  and  nodules  in  cast  iron,  42,  69 
Gooch  crucibles,  193 

asbestos  for,  193 
Graphite,  determination  of,  166 

influence  of  rate  of  cooling  on  separation  of,  73 
of  thickness  on  separation  of,  76 

in  iron,  17,  18 

results  obtained  in  the  determination  of,  167 
Graphitic  temper  carbon,  17,  18 
Gray  cast  iron,  sampling  of,  59 
surface  separations  on,  72 

spiegel,  46 
Grinding  and  polishing  specimens,  8 


Hardened  castings,  47,  48 
analysis  of,  50,  51,  52 

influence  of  rate  of  cooling  on,  47 
Hematite  pi^  jrollt  analysis  of.  til 
Hoop  iron,  si'iiivtsatiim  in.    H>7 
Hydrobromic  acid  method  for  determining  phosphorus,  240 
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Hydrochloric  acid,  standardization  of,  162 

six-normal,  357 
Hydrofluoric  acid,  use  of,  in  volatilizing  silica,  172 

I 

Ignited  asbestos,  158,  167 
Ignition  mixtures,  Eschka's,  178 

Rothe's,  178 

tartrate  mixture  for  chromium,  294 
Inclusions  in  iron,  28,  30 

non-metallic,  30 
Inequalities  in  cast  iron,  62 
Ingot  iron,  88 

chemical  and  metattogrspfaic  study  of,  89 

sampling  the  molten  charge,  88,99 

segregation  in,  89 
Iodine  solution,  259 
lodometric  method  for  determining  chromium,  292 

for  determining  iron,  318 

for  determining  sulfur,  258 

for  determining  vanadium,  333 
Iron,  318 

and  steel,  metallographic  characteristics  of,  17 

carbide,  19 

determination  by  Mohr's  iodometric  method,  318 
by  %immerm:ui-ReinlKirdt  titration,  307,  320 
in  insoluble  materials,  321 

phosphide,  determination  of  phosphorus  in,  239 

removal  as  ferric  chloride  by  means  of  ether,  184,  255,  286,  302,  306,  333 


Jones  reductor,  230 


Laboratory,  arrangement  of,  for  rnet.-illographic  work,  6 
Ledebur  method  for  determining  oxygen.  :;!''• 
Ledeburite.  -j-i.  27 
Local  differences  in  chemical  composition  of  iron  and  steel, 
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Magnesia  mixture  for  ignitions.   17s 
for  phosphorus  determin.-it  inn- 


/\, 

Malleable  rttttiiiKH,  53 

analyMW  Of,  55 

of,  39 

,  52 

•i.  ..  is.; 

determination  as  oxide.  I'.i'J 
BA  pyropho.Nphate.    I'.rJ 
BB  8ulf.il. 
by  Ford-Williams  method.  214 

•  i\  imetrir  method-.    I  s:', 
by  sodium  bi-muthate  method,  216 
by  Volhurd  method,  -jo-j 

ill  alloys  rich  ill  III:IIIK:I: 
in  cast  iron,  1S:{.  L'JO 
in  fcrroinatmaiicsc,  190,  212,  220 
in  frrrosilicon.  J'Jl 
in  materials  insolul)le  in  acid,  108 
results  obtained  1»\  :'n:«l\ -*i>.  21J 
separation  from  irorj  hy  ether.  IS-l 

from  chromium,  phosphorus  and  vanadium.  189 
Martens  and  Heyn.  method  of  etching  iron  and  steel,  14 
Marl.-nsito,  23,  27 

Mer.-iirous  nitrato  solution  as  reagent.  290 
Metallo^raphic  characteristics  of  iron  and  steel,  17 

lalioratory.  arran^'i'ient  of,  6 
Methyl  orange  solution.  163 

Microscope  for  metallographies  work,  9 

Mild  steel.  88 

Mohr's  iodometric  method,  318 

Molybdute  methods  for  .Irtermmmn  phosphorus,  223,  227,  228,  233,  237 

Molybdenum,  343 

Mottled  iron,  analysis  of,  42 

Munroe  crueiMe,  193 

N 

\i     It  i  s  reagent,  357 
Nickel,  270 

determination  by  dirnethylglyoxime  method,  270 
by  electrolytic  method,  274 
by  volumetric  method.  277 

plate,  estimating  the  thickness  of,  273 
Nitric  acid,  reagent  for  manganese  determinations,  218 

for  phosphorus  determinations,  229 
Nitrogen,  356 

determination  by  Allen's  method,  356 

by  Barton's  method,  359 
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Nodules  and  globules  on  iron.  42.  »'•'.» 
Non-metallic  inclusions  in  wrought  iron,  30 

O 

Osmondite,  24,  26 

Oxygen,  determination  by  Ledebur's  method,  346 
by  Walker  and  Patrick's  method,  350 

P 
Papier-mar  IK'-  dishes,  13 

iV'.rlite.  20 

Permanganate  methods  for  determining  elimmiiint.  -".rj,  L".H 
for  determining  iron,  .'i()7,  320 
for  determining  inarmanex-.  202.  21  I.  2H> 
for  determining  phosphorus.  22\  2:i.'i 
for  determining  vanadium,  337 
solutions,  204,  218 

Standardization  against  iron  wire,  231 

against  sodium  oxalate,  205 

against  thiosnlfate,  206 
Phosphorus,  determination  of,  223 

as  magnesium  pyrophosphate,  235 

by  alkalimetrie  method,  234 

by  basic  acetate  method,  235 

by  ferrie  alum  method,  233 

l.y  molyl.dato  methods,  228,  L'-J\  237 

by  rapid  gravimetric  method,  227 

volumetric  methods,  228 
in  ferrosilicon. 
in  iron  phosphide,  239 
in  materials  containing  arsenic.  240 
in  materials  containing  tungsten,  241 
in  materials  containing  vanadium,  243 
in  materials  insoluble  in  acid.  J 
in   nia!erj:,!>  solultle  ill  acid 

•egn'gation  »• 

results  obtained  in  t  he  deterimnat  ion  of,  'J  11 
Pipes,  corrosion  of,  84 
I'lan. 

I'laning  the  sample 

I'oli-lii'd  -peer  tmriit  of.   12 

l''.li-hing  lathe,  8 

the  specimen,  8 
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in  mild  steel  and  ingot  iron,  88 

in  molten  cast  iron,  67 
it  ion.  of  phosphorus,  27 

of  slag,  30 

of  sulfur,  28,  66 
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colorimet  ric  determination  of,  309 
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ilctfrmiii.-itioii  in  insoluble  iii:itrri:tls, 

in  solulilc  ni:it<Ti:ils,  ',\'1'.\ 
>«•],. n:tti«»n  from  iron  l»y  sodium  peroxide  fusion,  328 
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by  iodometric  method,  333 
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Yolliard  method  for  determining  m:mn:in<ise,  202 
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Walker-Patrick  method  for  determining  oxygen,  350 
Water  free  from  carbonic  acid,  149,  103 

mains,  corrosion  of.  "•>  1 
Weighing  of  solutions,  197 

method  of,  for  obtaining  an  average  sample  of  gray  iron,  60 

for  average  ingot  iron  sample,  1  \~i 
use  of  small  pieces  in  graphite  determination,  73 
White  iron,  accidental  annealing  of,  58 
analysis  of,  42,  50 
annealed,  53 

White  iron  effect  of  remelting,  44 
sampling  of,  39 
surface  separations  on,  43 
spiegel,  46 

Williams  method  for  determining  manganese,  214 
Wires,  sampling  of,  38 
Wrought  iron,  analysis  of,  115 
etched  specimens  of,  118 
sampling  of,  115 
slag  in,  30 

Z 
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Zinc  oxide.  tr>ting  the  purity  of,  213 
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